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PREFACE 



An introductioii is no lODger needed for ttie Harvey Lect- 
ures, They appeal aoaually lo an iucreasing audience by Ibe 
Hpoken word and in thi> printed book. As it would be difficult 
to raise the standard of the lectures, improvement will be looked 
For chiefly in an earlier publication of the annual volume. 

The courtesy we have rec«MVed at the hands of the Editors 
of the Archives of Internal Mcilirine in iicrmitting our publica- 
tion of the lectures by Prof. iVarci- and Prof. Opie, and from 
the Editor of the American Journal of the. Medical ScieHceg, 
for permission to publish Prof. Magnus-Levy's lecture, places 
us under an obligation which we here acknowledge. 

Through the courtesy of the Wistar Institute of Anatomy 
we have been able to use some of their plates prepared for 
illustrations of previous pnblieationK of Prof. Huher's work. 
The lectures by Prof. Cohnheim. Prof. Rrmhe, Prof. Iluhpr. 
. llelitoen. and Pn>f. Meyer have not Iwcn published else- 
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THE PROBLEMS OF EXPERIMEJsTTAL 
NEPHRITIS* ■ ...* 

PROF. RICHARD M. PEARCE •'.--.***. 

I'nivereily and Bellevuc Hospital MedirKl College, New Yorlrt"-- 

OlTt present knowledge of nephritis is tlie result of the'.-; 
niPlltiKls of I'liniiral observation, patholoipcal aDatomy, -' 
rand experimental pathology, aiiecessively applied. By means 
I of the first of these. Richard Bright, in ISliT, demonstrated that 
lalbuRiiniiria and dropsy had an intimate relation to certain 
I pathological changes in the kidney. Studies in pathological 
I anatomy during the foltov,-ing years led to the differentiation 

■ of several types of n«^phritis. Hnd. finally, to a classification 
1 based on morphological alterations. I do not think it an exag- 

^rattoD to aay that elinical ot>ser%'uliou bus added little of 
l-emeiitial importance lo Bright's ori^nal eoneeption of eighty 
l-years ago, or that pathological anatomy has added little to 
IWeigert'a classificutioii, which has been generally accepted for 
Jthirty years. Bright's views, it is true, have been amplified, 

■ certain phases of the relation of renal disease to cardiovaacuUr 
Idisturbances have been more clearly understood, and much 
I negative evidence concerning unemia and rpderaa haa acoa- 
Imulnted: but liltlo htis bf^n added by clinicjil methods to our 
1 knowledge of the interrelation twtweeu a kidney lettion and its 
ImanifeHtationa. The methods of pathological anatomy have 
l.^ven a clnsKificution, based on careful study of the gross and 
I minute leaions of nephritis, and with these have been correlated 

■ in a more or Irss satinfaetory way clinical manifestations and 
I ehangea in the urine. This most important period of anatomical 
I ctudy began in 1851, with Frerichs. who considered all forms of 
InephritiK aa stages of a single process, beginning aa an acute 

■Hamy Lecture, Delivered Oct. 30, 1909. 
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nephritis and.'^b^'hg as the small granular kidney ; the period 
terminated ^'i>h Weigert, who, in 1879, demonstrated conclu- 
sively that.V^reriehs' stages do not represent the successive 
changes pf 41* single lesion, but are distinct types of nephritis, 

* • * 

cause4^by various injurious substances acting during varying 

peripds't^f time, and representing the varied reactions of kidney 

tissillCL't&us influenced. Weigert 's view is the one held to-day. 

£jt<M:^ recent studies by improved histological methods have added 

vtQ our knowledge concerning certain details, especially in regard 

/.. \p the glomerular changes, the sequence of lesions, and certain 

•./•.unusual types of nephritis, but the methods of pathological 

**• anatomy offer no promise of an interpretation of the important 

problems of this many-sided disease. 

The application of the experimental method to the study 
of renal disease is not a recent development. For many years 
experimental lesions of the kidney have been utilized, and with 
gratifying results, in the study of the sequence of the histolog- 
ical changes occurring in nephritis. With such studies, essen- 
tially anatomical in nature, have been combined, in recent years, 
investigation by methods which allow an interpretation of 
changes in function, upon which morphological studies throw 
no light. Such investigations necessarily demand the methods 
of chemistry and physiology ; and we have witnessed in the past 
few years the curioits spectacle of pathologists turning from 
the methods in which they were trained to those of tlie physiolo- 
gist and chemist in which presumably they had, originally, 
little or no training. Investigation by such methods is termed 
** experimental pathology" merely because the pathologist, 
despairing of the anatomical method, has seen fit to adopt them 
in the study of altered function. It is to such methods that we 
must look for an advance in our knowledge beyond that which 
has been possible by the methods of clinical medicine and patho- 
logical anatomy; and if the pathologist is criticized, as fre- 
quently happens, for appropriating the methods of other sciences 
and for applying to the field of endeavor thus created the term 
** experimental pathology," it is sufficient to point out that the 
physiologist and the chemist, as well as the pharmacologist 
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I bit sliurea the same method)), haw with ievr exceptiotm limited 
lemselves to the field ot uuniial fuuctioD. 
That iipphrititj has been one of this prineipal ohjueta of 
attack hy these methods is in purt due to the iuportKnce of the 
tliseaHe, and in part lUsu In tiie fact that the kidney lends itself 
' rcHdtly to experimental study. And. moreover, although 
i resullx of experimental study may not always be tipplied to 
taipliiin diseaae in man, It must hi' endetit that, owiii^ lo the 
tvuliaritii-s of the atnicturu and function of the kidney, results 
experimentation with this orKuu h»v«. a very delinile uppliea- 
Thua, some aapecta of etiology, the almust specific action 
of certain snbstanees in piekinir out ciTtaiu kidnty stniL-tunsa. 
the character of acute lesiontt and the relation of Iheae to chronic 
lesions, questions of repair and refjieneratiou. the matt«r of cast 
formstioti and the source of albumin, are problems which, when 
elucidated by auimai experimentu, can readily be transcribed 
to explain similar pn^blems in human nephritis. But aside 
■om thtwe, the experimenlal metluHl olTen« hope, in part already 
alized, of a solution of the mon^ prominent problems of renal 
lema, of anuria, the question of the relation of renal disturl>- 
jttera to hypertension and heart hypertroph>% and the roost 
nportant. thouvrh at present the most hopeless, problem of 



Here 1 may at onee call your attention to the fundamental 

■problem of experimental nepbritis, that is. the intlui'nee of llie 

pglomeruUm an eoiitraated with the influence of the tubule. This 

Venters into all phases of renal pathology. In some partially 

l^ccidatcd. but in moitt Ktill a matter of doubt and speculation. 

The dual slnicture of the kidney ia responsible for the difficulty 

which we have of interpretinp the phyaiolopy as well as the 

I)alholoKy of Ihiti organ. We are familiar with glands in which 

different types of cell are eoneenied in the elaboration of differ- 

ehemieal nulwlaneea, and with Ihoso in whieh cells Hre 

iditied to produce an internal, as contrasted with an extemjd 

on, but the kidney stands alone as an organ xvith two 

• different strnctures, having for a eommon object the 

BiiDation of a single fluid representing the products of 
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metabolism. This is not the place to disoiiss the aigiiifica 
this structural peculiarity and Its bearing on Ihu function of 
the kidney, though it must be considered in what follows. It 
may be permitted, however, to point out here that the glomeru- 
lus, as has been emphasized by Beddard, is a structure without 
analogy elsewhere in the body except, perhaps, in the choroid 
plexus of the brain; and that the urinary tnbule differs froni_ 
all other glaud tubules in its length and complexity. Oa t 
pei^uliarilies of structure, coupled with the peculiHrities of t 
renal eireulation, depends the power which the kidney has I 
remove from the blood-stream the Huid and solids which cow 
stitute the urine. If wp disregard the oue synthetic process o 
which we have positive knowledge, the formation of hippuri 
acid from benzoic acid and glyi'in. the essential fimetinn of t)M 
kidney is one of elimination, with the important feature thi 
the re-sulting fluid uontnins all of the soluble components of tht 
blood exrppt its protein constituents and dextrose— in a diffei 
ent percentage, it is true, but still the same aubstaneei 

If we accept departures from normal elimination us evidenoi 
of disturbance of kidney function, the problem of experimenta 
nephritis is to determine the part played in this disturbance b 
glomerulus and Inbiilc. respet'tivfly. This may be done by thi 
use of physiological methods which graphically demonstrate 
ilterntions in vascular reactions and by comparing such results 
with those obtaineil by chemical study and eventually eorr 
Inting both with the anatomical changes. By such studies t 
simple phases of the pmblem of nephritis, enough has 1 
accomplished to warrant their continuance with the prospect c 
adding eaiientiiilly lo our knowledge of renal pathologj-. 

The study of experimental nephritis may be expected, howJ 
ever, to do more than explain the sequence and significance off 
pathological chnngi'H. By producing lesions which affect only! 
certain structures as the glomeruli or the tubules, or but certaia J 
portions of the tubules, we may expect not only to solve somej 
doubtful points in the phv-sioloe>- of this orgai 
obtain data of considerable importance to the pharmacologirt 
and therapratist, thna bringing the work home to ibe clinicianj 
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II u single example may be given tlie study of tUe effect uf 
urvtics on tlii? (Iii«-iu4ed kidney as coraparwi with their effect 
uu the nonnal. Our knowledge ut the latter action is fairly com- 
pk'te, but we have vei^' little knowledge of the former. The 
study of vascular ililatattun and cHintraotiiin in th« kidney, the 
■«limination of water, the general composition of the urine, the 
shloride- regulating mechanism and many other points, in dis- 
inctly tubular and distinctly glomerular forms of uephritia. 
irhicb we are now able to produce, should yield practical infor- 
Uation of great value. Some information in regard to these 
lalters we now possess, but liefore it can serve as working 
aiowledge. extensive chemical and pbysiologicsl Btudies of 
1 forma of nephritis must be made from the pharmaco- 
igical point of view. 
1 have gone somewhat into detail in this introduction, not 
only for the purpose of demonstrating the valne of the study 
of experimental nephritis, but also for the purpose of showing 

I that Ihe results of such study are of interest to every one cnn- 
Kerned with the problems of namial and abnormal jiliysiology — 
10 the physiolngiHt. the chemist, the pathologist, the pharmn- 
Bologist, and the clinician. And, in order to maintain interiTst. 
if it has been amused. I shall deal briefly with the methods of 
■hducing nephritis, the character of the acute lesions, and Ibc 
relation of these to chronic lesions, attempting to set forth clearly 
th* type* of experimental lesiomt known as tubular and glomer- 
nUr. Time thus saved will be devoted to the more interesting 
Questions of altered function. 



ETIOLOOY AND CHARACTKR OF THE EXI'ERIMKNTAI 

In speaking of the etiology of nephritis in man, exclnding. 
bf coarse. Irsions due to thi* lix'iiliyiiilion of bacteria, we use, 
kwing to our inexact knowledge, tlie phrase "Roluhle toxic sub- 
a reaching the kidney through the circulation." So, in 
Bperimcntal nephritis a direct nephrilic poison must be capable 
r ahtiorptjnn, of solution in the body Huids and of causing 
Injnry to the renal c<'lls when given in doses so small as not to 
tanae d«ath through its other actions. An indirect poison acts 
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through products formed by blood or tissue destruction, as with 
the haemolytic poisons ; here the action on the kidney is second- 
ary. If we exclude Siegel's experiments on the production of 
nephritis by the application of cold, all forms of experimental 
nephritis are caused by substances falling in the above classifica- 
tion. 

According to Sollmann, all metals, so far as they have been 
studied, cause nephritis, though some act only in corrosive do8e5i 
or when given intravenously. Other nephrotoxic substances 
are aloin, coal-tar products, alcohol, ansssthetics, oxalates, can- 
tharidin, essential oils, snake venom, ricin, abrin, bacterial 
toxins, hemolytic poisons, and nephrotoxic immune serum. 

Of these some act diffusely, while others affect the tubules 
or the glomeruli separately. Only such as have a more or less 
definitely circumscribed action are of value in producing exper- 
imental nephritis. Thus in the group affecting tubular epithe- 
lium with little or no primary glomerular injury, we may place, 
as most important, uranium nitrate, the chromates of potas- 
sium and of ammonium, and corrosive sublimate. Of those 
affecting glomeruli especially, the more important are arsenic, 
cantharidin and snake venom. All of these latter have some 
slijrht effect on tubular epithelium, probably secondary to cir- 
culatory disturbances dependent on the glomerular injury, but 
the latter lesion is so marked and so evidently primary that 
they are usually referred to as glomerular poisons. Another 
agent of value in experimental work is diphtheria toxin which 
combines glomerular and tubular injury. 

All of these cause the appearance of albumin and casts in 
the urine; only uranium nitrate produces oedema. 

Although I have, thus far, used the terms ** tubular'* and 
** glomerular " in reference to these poisons, they may more 
definitely be denominated, respectively, ** epithelial'* and **vas- 
cular" poisons. Until recently this division was made on ana- 
tomical grounds, that is, on histological evidence of degenera- 
tion, necrosis, exudation or cell proliferation, but the study of 
nephritis by physiological methods has brought out evidence of 
the existence of functional glomerular injurj- of extreme grade 
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liacc-ompiuiicd by littlf if any anatomical evidence of vascular 
T .]«!iioti. Tltfif iiielho(i» have also sbonn that nephritid«s due to 
lagents formerly BUpposod to act only as tubular poisons, pre- 
■iWQt, in the lute stages of iutoxit^t inn, definite evidence of 
f Tascular incompetency. 

It is necessary therefore to describe briefly the lesions pro- 
l.duiMHl by tlit^ morif important nephritic puisons. This descrip- 
K.tion will be limited to those poisons especially discusHed in thi» 
Isddnss. It. however, by no means exhausts the list of sub- 
V#tancM) which may he used. 

The aoatomtcal changes due to uranium and to the chro- 

BmAte«are. in the early sta^s, confined essentially to the tubules, 

■ especially the convoluted tubules, and consist of granular or 

Uitty degeneration and de&uite necrosis often affecting large 

roii|Hi of tubules. Corrosive sublimate causes similar lesions 

B'jtivol\-ing especially the ascending loops of Henle and charse- 

Lteri/cd also by the de|H>sition of lime Dalts. In these typical 

;>f tubular nephritis no anatomical Ipsions of the 

^omcruti are evident in the early stage, but in the late stages 

B'Sn ill-defined thickcDing' of the capillar^' walls may sometimes 

Tibe seen and evidence of vascular disturbance is shown hy phjTJ- 

iulogical methods. 

The glomerular form of nephritis varies. Arsenic, which 
seta through paralysis of Uie capillaries, causes little or no ana- 
|itomioal change in the glomeruli. The capillary loops may show 
dight thicJiening, the vessels may be overfilled, and the nuclei 
may stuin peculiarly. Exudate into tlie glomerular spnce is 
isunlly absent, though a slight amount of coagulated serum 
may lie preai>nt. By physiological methods, however, it is 
diown tliat despite the abtu^nce of anntomicat lesions, serioua 
tcular injur}' is present Tubular involvement is slight and 
uoally difficult to dumonxtrate. 

CauUiaridin causes a glomerular nephritis involving both 

) tuft and the capsular space. The leaions of the capsule 

lave been variously described »s desquamative, as consisting of 



' In tlif uratiiiiiii lesion, Chrisliaa Imn de«rTil>e<I hynlmo droplet 
1 the capillary loops. 
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a leucocytic exudate, and as due to the presence of epithelial 
cells pushed up into the capsule from the convoluted tubule. 
Lyon has recently emphasized this latter view and also describes 
degenerative changes in the convoluted tubules and ascending 
loops of Henle with necrosis of the latter. Functional tests 
demonstrate serious vascular injury. 

The venom of the rattlesnake, as I have recently determined, 
causes a very remarkable glomerulonephritis of the exudative 
type. Single large doses or repeated small doses cause an 
exudation of serum and fibrin in both the capsular space and 
the glomerular tuft. This exudate is usually but not always 
hemorrhagic. Leucocytes are not prominent, but occasionally 
are present. The tubular changes are slight or entirely absent. 

Diphtheria toxin is the best example of those poisons which 
combine both epithelial and vascular injury. Hyaline thrombi 
are found in the glomerular capillaries and small arterioles of 
the cortex in acute and intense intoxication. The vessel walls 
show hyaline changes and, in the later stages, cyst-like hemor- 
rhages in the tuft (Lyon). Leucocytes are abundant in the 
tuft and slight necrosis may occasionally be seen (Flexner). 
With these changes are found extensive degenerative and 
necrotic lesions of the convoluted tubules and the ascending 
loop of Henle. 

Undoubtedly, the lesion in both tubular and glomerular 
nephritis occurs in that portion of the kidney through which 
the poison is eliminated, though this has not been definitely 
demonstrated except in the case of uranium.* 

From this, and our knowledge of the elimination of iron 
through the convoluted tubules, it seems probable that nephritis, 
due to the salts of various metals, is an indication of injury at 
the point of elimination. The peculiar involvement of the 
loops of Henle in the corrosive sublimate lesions supports this 



* Schneider working with Petromyzon fiuviatilis injected uranium 
solution in the muscle of the back, and also subcutaneously, and 
found that by the use of a fixing fluid containing potassium ferro- 
cyanide, picric acid, and hydrochloric acid, the uranium was precipi- 
tated as a brownish-yellow deposit in the epithelium of the tubules. 
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^^niew. It in not tu<i much to hope that hy caivfiU utudy of suuh 
^^BocHlmtl Wiotis esperiiiK-nUil mtphritU may vviTit iialiy eoii- 
^^Kribute to our knowledge, not only of altered function, but also 
^^■tf ihc nomml phyBiologj' of the kidney. 

^^P The glomerular lesions likewise must be considered as a 

^"■pecial maDifcstatioii of a general inj\iry to capillary struc- 

luri'K; the intenai 6 cation of that action in the plomenilii-s beiiiR 

due to concentration of the poison at the point of elimination. 

At present, then, we are familiar witli several poisons which 

ffect either tubule or glomerulus, respectivelj', the injury being 

Bcognized sometimes by anatomical changes, sometimes by 

metiunal disturbances, und sometimes by both. 

The futility of judging of altered glomenilsr function by 

matomical changes alone is best illustrated by Takayasu's his- 

bologieal study of the kidneys utilized hy Schlayer and Hed- 

^r in their investigations of disturbances of function in 

forms of nephritis. This work will be discussed in 

:jul later. Here it is sufficient to stutc that in arsenic and 

intharidin nephritis characterized by constant and severe 

■turbaoee of vascular reactions, the gtumcruli presented exu- 

"dative lesiiiDs in only 2 per cent, of tlie kidneys examined, and 

this anatomical condition reached a degree comparable to the 

functional disturbance only in those kidneys showing total 

sufficiency. Proliferative le«ions of tuft or capsule were not 

tnonstmble. The only frequent lesion was increase in size of 

.■ glunicrubir nuclei and an indistinct outlining of tlie capil- 

' walls, due, apparently, tti an ill-defined thickening. The 

■ndenr changes, monwvcr, occiirrtul in tubular as well us in 

poro«rular nephritis. Huoh resultK would nppcai- conclusively 

I iwtablish the possibility of serious functional disturbance 

irith little or no evidence nf structural lesion. To this problem 

^ shall return in the discussion of altered function. 

This brief description summarixcs the more important types 

acute injury caused by irritants m-ting directly on the 

bdney. It remains to discuss the relHtion of thetk- to the pro- 

[ucUon of lesions which may he termed chronic nephritis, or 

e HCODip&nied by manifestations characteristic of the chronic 
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disease in man. The production of such a condition has been 
the object of nearly all work on experimental nephritis, and 
until recently with no success. Lyon, who worked with can- 
tharidin, diphtheria toxin, and corrosive sublimate, with the 
object of following acute lesions to their termination in chronic, 
found that acute lesions rapidly disappear and that the kidney 
returns to normal. Such has been the experience of many other 
investigators, and it has incidentally served to strengthen the 
clinical observation that an acute nephritis, if the causative 
agent be no longer active, may go on to cure without the devel- 
opment of subacute or chronic lesions. This, however, is a 
phase of experimental nephritis which, in view of the very 
recent statement of JMiiller based on clinical observation and 
supported by the pathological studies of Lohlein, should again 
be investigated, and especially with regard to the matter of 
glomerular lesions. Miiller expresses the opinion that a chronic 
nephritis may be the result of an acute lesion with a progres- 
sive course marked by acute exacerbations, or, on the other 
hand, there may be complete cessation of symptoms for many 
years with eventually a contracted or indurated kidney due to 
healing by scar formation. 

Lohlein, as the result of a very careful study of selected 
material, has shown that many individuals dying of chronic 
nephritis present a definite history" of an acute nephritis, fol- 
lowed by a quiescent period of several years, before the appear- 
ance of the chronic lesion responsible for death. His conclu- 
sions are based more especially on the kidneys of scarlet fever 
and acute coccus infections, in which he found inflammatory 
glomerular changes which seemed to be the starting-point of the 
fibrotic tufts and thickened glomerular (capsules characteristic 
of the later developing chronic nephritis. Such observations are 
not new. Others have reported isolated instances of a chronic 
nephritis following the acute lesion of scarlet fever. Thus 
Ilandford describes such a condition after scarlatinal nephritis 
in a child 12 years old, in whom the chronic condition develoi>ed 
three years after the acute ; and Councilman describes a chronic 
interstitial nephritis with heart hypertrophy following scarlet 
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iver, in a child of 2 years. Simitar tiiulinp* have been reported 

r Luyden. Miuin. and others. Liihlein'H extensive and thor- 

Igh Ntudy, however, brings the problem oiiee more prominently 

[sfore iiB, aiid, coupled with the observation of MiUler. makes 

% one of miieh impoHnnt'e. It would seem posHJble that by the 

e of a subxtaoce like venom, which &et» as a definite ^lomeru- 

r poison and cauaea exndation tind very striking endothelial 

rtmction, experimental evidence of ehronie nephritin fol- 

witig a single injur)' could be added to the clinical and patho- 

gical evidence now at hand. 

Despite this possibility, it must be admitted that the experi- 

mtal study of nephritix mippiirts the more* common concep- 

□f the etiology of chronic nephritis iu man, that h, that it 

F a gradually dcvplopin|r lesion due to the [ong-eon tinned 

isidious action of some ill-deflned toxic substance. With the 

jioMiiblc exception of Ihe recent experiments of Dickson, the 

ivjtiilU obtained have been ueiiher constant nor of aueh nature 

as to justify the term of chronic nephritis. Certainly if we 

ftlke Its a crit»>rion a penistinK lesion of the kidney eharac- 

ri«ed during life by elimination of albumin and casts, and 

lologically by changes involving glomeruli, tubulea, and con- 

vc tissue, nearly all experimental efforts can be excluded. 

e include cedema as a necessary corollarj', chronic nephritis 

1 not been produced ex|)cri mentally. Some of the methfnls 

tlieh have r«»ulted in legions appn>aehing ehronie nephritis 

wever, worthy of mention. Ophills, who investigated 

s subject, came to the conclusion that the best results could 

I obtained with lead, and, by the prolonged administration of 

lead salt, be pnidnced in guinea-pigs and di^s a definite 

krosis. Tlie urine, however, did not contain ftlbumin (uid 

The same objection holds for experiments with many of 

i other metabt (I'ctroff). 

e experiments of Khrlieh and of Levaditi with vinylamin 
r that the primar>' necrosis of the papilla of the kidney 
Bed hy this snbstanpc may be fullowcd by cortical injury 
hh increase of connective ti«sii« and considerable contraction. 
il a fftw of these experiments, in which mice were used, oedemn. 
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hypertrophy of the left ventricle, and albuminuric retinitis 
were observed, with characteristic changes in the urine. Such 
changes, however, were not constant. The value of these exper- 
iments, moreover, is slight, for the diffuse nephritis followed 
destructive lesions of the papilla leading to mechanical obstruc- 
tion, and were not due to a primary injury of cortical struc- 
tures caused by a circulating poison, though it must be admitted 
that Lindemann has described the production of such injuries 
by the use of this substance. 

Occasional positive results have been obtained with a variety 
of substances, as cantharidin (Aufrecht), oxalic acid and 
oxaraide (Ebstein and Nicolaier), potassium chromate (Ophiils), 
and uranium nitrate (Siegel). I have myself found, in the 
course of a study which had for its object the production of 
oedema in the dog, a typical contracted granular kidney as the 
result of continued injections of potassium chromate and nephro- 
toxic immune serum. Chronic lesions, however, cannot be pro- 
duced constantly by such methods and occasional positive find- 
ings, in view of the frequency of spontaneous lesions, must be 
regarded with suspicion. Or, to look at it in another way, 
these occasional positive results may have been due to the acci- 
dental presence of some secondary factor, as some metabolic or 
circulatory disturbance, neces.sar\' to the production of chronic 
nephritis. It was with this possibility in mind that Dr. Haven 
Emerson investigated experimentally the relation of circulatory 
disturbances to chnmic nephritis. He recognized that, while a 
variety of causes are known to be responsible for, or contribute 
to, chronic interstitial changes in various tissues, there is almost 
constantly associated with them a circulatory disturbance, 
usually a venous congestion. It might be objected that such a 
disturbance is the result and not the cause of productive lesions 
in man, but Emerson's experiments are nevertheless of value, 
in that this hypothesis wa.s, for the first time, investigated. The 
influence of vasodilators and vasoconstrictors was tested by 
inhalation and by subcutaneous and intravenous injection. 
Inhalation experiments during a period of half a year caused 
the appearance of degenerative parenchjTnatous lesions with 
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t coimectiTe tissue ohangeci. Though these experimenta 
ire few in number, the resultn, due appareiitly to disturb- 
\<xa of circulation and nutrition. HUggest that with this back- 
iind, the long-contiuiied admin iittrotiuii of a renal irritant 
small dimes mijfht result in the fairly constant prodiietion of 
ehroiiiv m-phritis. In this Ronuei-tion Caro's observation that 
nephritis occurs in cats live to eight days after extirpation of 
the thyroid ia suggestive. 

In other words, the evidence at hand supports the thofiry 
it chronic nephritis shoidd readily be produced as the result 
it ail irritant aiMion associated with, or causing, circulatory 
and nutritional disturbances. This is in accordance with our 
citiiinil und ptitliolt^icul knowledge of chrvrnio nephritis in man. 
In accord with this view, also, ia Bradford's suggestion that 
the many failures to produce chronic nephritis are probably 
due to the fael that we have no irritant capable of causing in 
animals a condition analogous to acute nephritis with (edema 
seen In man. This statement was made in 1904. Such a aub- 
ice we now possess in uranium nitrate, which, as Richter 
lowed in 1!)05. causes a very definite acute tubular nephritis 
with the occtirrenee, when an excess of water is administered, 
of ipdema of the aulKUt^ineous tissues and accumulations of 
fiuid in the wrous cavities of the IkhIv, Ilraniimi nitrate has 
eome into general use as one of the most satisfactory of 
nephritic poisons, and Dickson, during the pa.st year, baa shown 
that it>) prolonged administration causes chronic nephiptis in a 
large percentage of the animals treated. Unfortunately, his 
choice of experimental animals did not allow n ^udy of tpderaa. 
If rabbits, in which ledema is n-adity pn>duced, had I)ccn used 
instead of guinea-pigs, and the animals phwred under condi- 
tions favorable to the production of tpdema, it is pooaiblc that 
his results would have been the m<«t satisfactory yet ri*ported. 

ilkB it is, he has shown (1) that prolonged administration oT 
b-atiinm nilrate causes a progressive "subchronic" nephritis; 
(2) that a series of six or seven acute attacks resnlta in exten. 
sive tibrulic changes, with, in some instances, granular atrophy 
and aaaociated polyuria; (3) that single injectioRK not infre- 
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quently cause more or less severe fibrosis with occasionally 
granular atrophy ; and (4) fluid, in small amounts, was found 
in the serous cavities of a few animals. 

These experiments are of great importance in connection 
with what has been said about the influence of circulatory dis- 
turbances in the production of chronic nephritis. Uranium 
nitrate, in addition to its very decided action on renal epithe- 
lium, also causes very definite vascular disturbances. Several 
investigators have been forced to this conclusion, as Heineke 
and Meyerstein and Dickson. Recently, I have called attention 
to the necessity of assuming such an action in order to explain 
certain phases of the oedema caused by this substance. Final 
proof of this vascular injury is furnished by Schlayer and his 
associates, who have shown, by physiological methods, that 
although uranium primarily affects the tubules, there occurs 
a stage of glomerular injury characterized by dilatation of the 
vessels and decreased permeability. This will be discussed 
later in connection with oedema, but these observations serve 
here to indicate the value of uranium in combining the toxic 
effects apparently necessary to the production of chronic 
nephritis by causing not only structural changes, but circula- 
tory disturbances also. 

Thus may be summarized briefly the methods which have 
been employed in producing nephritis experimentally, the char- 
acter of the acute lesions, and the relation of these to chronic 
conditions. Such a statement is necessary as a preliminary to 
the discussion of functional disturbances. 

KITNCTIONAL DISTURBANCE 

The study of anatomical changes in experimental lesions 
adds little to our knowledge obtained by the investigation of 
human material. By applying physiological methods on the 
other hand, we may correlate disturbance of function with any 
state of anatomical change and thus obtain information which 
clinical and pathological studies fail to give. 

The kidney lends itself, perhaps more than any other organ, 
to investigation by physiological methods. The very abundant 
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l<lo(>d-fmpply with its tntim^itc relation to the function of the 
kidnpy, the cIobb relation of function to general blood-pressure, 
iind the ioHueiiee of the circulation on diuresis are '■onditiuns 
»hich readily allow the application of methods, the results of 
which may be graphically registered. Changi« in kidney 
volume dependent on general blood -press tire or on the influcnef 
of ita own independent vasomotor system may be measured by 
the ouc<jmetcr, and the results for the normaJ compared with 
Ihase in animals with experimental nephritis. Likewise n 
simultaneous stud>- of diuresis allows of the determination of 
^he changes in the elimination of fluid. The injection of various 
tancea influencing blood-pressure or diuresis yields infor- 
ming the reaction of the kidney to these stimuli. 
id by their ase it is possible to differentiate between the dtK- 
tnrbanees due t» a glnmemlar and to a tuhiilar nephritis. 
Farther information concerning disturbances of function due 
to tubular or to glomerular lesions, respectively, may be gained 
le use of phloridzin, and by correlated studies of the protein 
salt elimination. Some information, as the result of such 
istigations, especially in regard to diuresis, is offered by 
acological studies, but the must comprehensive study of 
[ haa been made by elinicianit, by Schliiyer and his 
I. and deals particniarly with the vascular reactions 
the two types of nephritis. 

I Their wurk in bawd on (lie aiKHuuipiioii that llie vasealar rvactiiins 
■;glomeniUr tiepliritie ahniihl differ fmni lliose of Inbntiir nephritis 
t this diffiTcnce should be n-adily determined by the at-tion 
in stimuli, Ibe effert nf whi<-h woiild bv to cause either 
ution i>r dilotatinn of UtK viwwlis. Tliesc chaagiw. thmujiti 
) or iiicreaae of the kidupy volume, would be readily refoi{- 
jlh llip aid of Ibc imcomctpr. It wns neoDssary to cUoosr 
1 the ellecl i)f wliicli wnuld lie but Inuisieiit Bod wliich wenld 
» injurions aftcr-rcBults, thiw nllowincr a series of observa- 
llic wiitm MiimnI wilbin n fotiijiamlivi'ly short spat^ of timi". 
ire, as the (.-oudilioiis of experimeul were such Hint 
) OD the Mme animal beltire and after the d«\-el<ipnient of 
t euuld be made only in short-period experiments, it was 
»ry lo ilemonstrstP that thme stimuli exerted n ooiulant effect 
I BiiiinalB. 
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To test the capacity of the vessels to contract they used sensoiy 
stimulation (tobacco smoke in the nose or transient suffocation) as 
an example of effect through the vasomotor centre, and adrenalin as 
an example of the effect of peripheral contraction. Each of these 
metliods produced a transient diminution of kidney-volume with an 
increase at the same time in general blood-pressure. Caffeine and 
strong salt solution were used for the purpose of producing dilatation 
of tlie renal vessels. In connection with all these conditions the rela- 
tion of diuresis to vascular changes and the power of phloridzin to 
cause glycosuria were also studied. 

In brief y the study was one of the reaction of the renal vessels 
to various stimuli and the relation on the one hand to general blood- 
pressure and on the other to diuresis. 

Necessarily, much depended on the uniformity of the control 
experiments, and for this reason rabbits of the same breed and 
similar weiglit were chosen, and with the exception of adrenalin^ 
all substances were injected in definite ratio to body weight, and all 
but phloridzin, intravenously. Sensory stimulus and adrenlJin (1 
drop of 1 per cent, solution in 0.5 c.c. normal salt solution) increase 
blood-pressure with a corresponding fall in kidney- volume. In each 
instance this effect is transient, the normal condition being resumed 
in a very short space of time. On the other hand, 5 per cent, salt 
solution (5 c.c. per kilo) and 5 per cent, caffeine solution (2 c.c. per 
1.5 kilo) caiLse a marked dilatation of the renal vessels with strong 
pulsation and immediate diuresis, the general blood- pressure remain- 
ing unchanged. At the end of the experiment, phloridzin was given 
subcutaneoiLsly ; this caused a moderate diuresis with glycosuria but 
without increase in kidney volume or in general blood pressure. 

These results were always obtained with normal animals, 
and th(» degree of reaction with each stimulus was practically 
the same. With such obsen'ations as controls, a study was 
undertaken of animals with various forms and differing stages 
of toxic nephritis. Potassium chromate and corrosive sublimate 
were used for the production of tubular nephritis, and arsenic, 
cantharidin. and diphtheria toxin for vascular nephritis. 

Schlaycr's opinion concerning tubular nephritis is based on 
21 experiments with chromate and 15 with corrosive sublimate 
animals. The reactions to the various stimuli in the early 
stages of nephritis so produced do not differ markedly from 
the normal. It was found that the animals eliminated a larger 
amount of urine than do normal animals, which is in accord 
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itii Wcbcr'ii observation)!, and also that diuretics led to a atill 
■nater flow, aH had also pr(;viinisly lipcii ilemnnstrated by Ilellin 
,iiid J^piro. The vascular reactions differed from the normal 
otdy in deunt; Uie power of the vessels t<) contract after sen- 
sory Brtimuliis and adrenalin was slightly increased and the 
power to dilate wiu grt-ater also, to about the same extent. 
PhloridJtin aetiHl as normally, that is, caused polyuria and 
glycosuria. 

Tbc n.'sultx with eorrotiive sublimate were similar except 
that the polyuria before the administration of diuretics was not 
811 marked. In botli forms. rpitheliaJ lesions were very promt- 
^^«nt, but no uiintomical eliati^cs were evident in the glomeruli. 
^^M short, the early stapes of a tubular nephritis with albu- 
^^Hnuriii and cast secretion and severe anatomical changes in 
^^Be tubular epithelium olfer no physiological or anatomical 
^^Bidence of vascular injur}-. 

^^K Before taking up the lute stages of tubular nephritis, the 

^^Waetions of vaitcular nephritis, for the sake of sharp contrast, 

may be described. C'anlliaridin and arsenic nephritis offer the 

liest examples of this type. Seven* vasciiiar disturbances come 

^^eo very quickly. In cautharidin nephritis, the early polyuria 

^■|kvacteristic of the chromate lesion is Hljsent. Within fonr to 

^Hnhl hours the effect of sensory stimulus and adrenalin is mnch 

^■frsa than in the normal, and after the administration of diu- 

nties the power of the viwstfls to dilnti- decreoscj) and with it 

diuresis. As the nephritis proceeds to severer degree, or if 

■ger doses of the irritant he piveii, the power to contract 

|«r itensory stimulus and adrenalin becomes minimal and dila- 

1 and diuresis become slight or ccasc entirely. (Tndcr such 

unutADces phloridzin prodnewf no diuresia and no glyco- 



The lesions due to arsenic are similar to those of cantbaridin 

b«pt that the general blood-prwtsnre falls more quickly and 

pnains at a lower level. This is to W explained by a greater 

(ripheral capillary injury or perhaps by more intense action 

? vaaomolor centre. 

lis rumparis<^>n is verj' instructive. A tubular nephritis 
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with extensive epithelial destruction and a urine rich in albu- 
min and casts give no physiological evidence of vascular dis- 
turbance except a slight polyuria and a slightly heightened 
response to vascular stimuli. On the other hand, in a glomeru- 
lar nephritis with little or no evidence of anatomical injury 
to either tubules or glomeruli, and with comparatively alight 
albuminuria and east ex(»retion, we find that the capacity of 
the vessels to contract and dilate is greatly altered, and with 
this a corresponding inhibition of diuresis, which may go on 
to total insufficiency. 

These observations demonstrate for the first time the pos- 
sibility of primary injury to glomeruli and tubules, respectively, 
and offer a sound experimental basis for the conception of a 
vascular as contrasted with a tubular nephritis. 

But how, ask those who object to the direct application of 
experimental evidence to the problem of human pathology, is 
this to help us in explaining the majority of renal lesions in 
man? We admit its value from a pharmacological point of 
view. We admit also the possibility of primary glomerular 
injury and primary epithelial injury, and also that occasionally 
the glomerular lesion, as in scarlatinal nephritis, may remain 
the predominating lesion, and, on the other hand, that the acute 
renal lesions of certain intoxications, as cholera, eclampsia, 
and to a certain extent of diphtheria, may be purely epithelial 
lesions; but what is the bearing of this experimental evidence 
on those forms of nephritis in which both glomeruli and tubules 
are involved, and, most frequently, it would seem, the tubules 
first and more seriously? This question is a proper one, and 
while it cannot be fully met as yet, it is, I believe, answered in 
part by the studies which Schlayer and his associates have made 
of the later stages of tubular nephritis. They find that the late 
stages occupy a middle position between early tubular and 
typical vascular nephritis, and in severe forms may simulate 
the latter. The reaction to sensory stimulus and adrenalin 
remains practiealjy normal, but the power of dilatation and 
diuresis, after the administration of diuretics, decreases grad- 
ually, and in severe late stages, that is. after two to four days. 
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>Ution is very slight or ahwnl and diiipOMis iio(« not occur. 

loridzin no lonffer causes glycosuria. Tbeac changes may 

accompunied by sli(;ht histolo^cal alterHtiiins in the glo- 

>nili. hut the conditinti is, eatcntially. a fum'lioiial glonnrii- 

dLiturliancp fiillowiDg tubular injury. That this sei-oiidary 

imuriilar iuvolveim-nl is u true vitscular disturbain'c «nd not 

result of cninprmsion of the gloiuenili. due to the retention 

urine in tubulea blocks by casta. Scblayer and Ilediager 

'c ahwini by experiments in which the ureters were ligntrd. 

der Mich wnditiona U" vascular distiiriianee n'sulted. Thus. 

e investigators have deiiionBtrat«d not only tubular and 

'ulur nephritis as ex pi- ri mental conditions, but have shown 

, the former may develop iuto the latter. The relation. 

ever, of the late glomerular changes to the early epithelial 

igw cannot l)e explained without more complete experi- 

vidence. That the late vawulnr injnrj' is due to the 

poison is doubtful, but the possibility mtist be eon- 

lered. in view of the ftn-t Ih'it in Sr-hlnyer's experiments 

diphtheria trtxin, a gradually developing nephritis of the 

type passed, after only twenty hours, into the typical 

vascular type. Again, it is pi«»ible that the tubular nephritis 

may cause the development of secondary poisons, consequent on 

metabolic disturbances in other organs, and capable of affoctinp 

glomeruli. In this eonneetiou miwt also be considered the 

itt^r of the "give and take" of renal function recently 

phasiKcd by McCrae. This theory' asHumm the possibility 

of the glomendi taking over in part at Icaai the function of 

the tuhulea. It i« possible that substances normally passing 

through the tubuhir epithelium an', when the latter in destroyed, 

■■liminated by tlie glomeruli, the endothelial cells of which may 

be more ausi-eptible to injurj' by such substances than ia the 

tubular epithelium, 

ei»e are some of the problems suggested by Schlayer's 
which await the verdict of further experimentation by 
iotogie&l methods. During the pairt year I have been inter- 
in cejtain phases of these problems, snd have repeated 
t3rcr's experiments, using the dog rather than the rabbit. 
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because of the more stable circulatory mechanism of the 
former.' The vascular reactions of the two types of nephritis, 
observed in the rabbit, I have found to occur also in the dog. 
The tubular form likewise develops into the atypical vascular 
fonn. 

Additional evidence of the distinction between tubular and 
vascular nephritis is offered by chemical studies which, with 
the assistance of Dr. Miner C. Hill, were carried out in con- 
nection with the experiments just mentioned." These depend 
on our knowledjre that most, if not all, of the urinarj' nitrogen 
is eliminated through the tubules, and on the assumption that 
in tubular nephritis this elimination would be diminished. 
Daily estimations of the total nitrogen elimination in animals 
with tubular and glomerular nephritis, due to uranium nitrate 
and arsenic, respectively, were made. It was found that in the 
tubular nephritis a decrease of nitrogen e(pial to 9 to 14 per 
cent, of the normal elimination occurs, while in the glomerular 
form this decrease does not occur. Indeed, the arsenic animals 
showed an increased elimination varying from 7 to 16 per cent., 
demonstrating that the tubules not only were not injured, but 
also that they wen* iMo to care for the augmented output of 
nitn)gen conseipient on the increased metabolism due to arsenic. 

Thes<» observations are of twofold interest. In the first 
place, the work with arsenic offers additional evidence of the 
possibility of producing a glomerular disturbance without 
affecting the function of the tubules, and, <m the other hand, 
the diminished excretion of nitrogen in tubular nephritis* 
indicates the possibility of a retention leading to a disturbance, 
not only of the glomenilus in the **give and take" of kidney 
function, but n»sponsil)le perhaps for some of the more general 
manifestations of nephritis. 



■' Pean-c, R. M.. Hill, M. C\, and P^isenbrey, A. B. : Experimental 
Acuto Nephritis; The Vascular Uoactions and the Elimination of 
Nitrogen, .lour. Exper. Med., 1910, xii. No. 2. 

* Siogf'l also <lfsrrilK^s tiiis dwreasod elimination of nitn>gon in 
uranium iH»i)hritis, and (trt»en, in a recent study of ehi*omnte 
nephritLs, found a decrease of 20 ]yer cent. 
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Here may Ik- iDtroiIucetl also other evidi'ue«, nf au entirely 
novel nature, whii^ U of value in Uic diffettaitiation of tubular 
and glomerular nepbritis, and whieh would appear to be of 
deflnitv pli>'siukigical importance in the matter of normal tubule 
ftuiction. I rfft^r to my recent iiivcHtigati<Jns of the depressor 
Hubstanee of dog's urine, and I do this with some beaitation, 
as the applii-ution of the obBervatioii t« the nephritis of man 
ia not at all clear. 

Elsewhere, in a discussion of the indueuce of kidncj* extraeta 

the bliKxi-pri'SSure. 1 have described Ihf very striking 

tpressor inlhiciice of dug's urine, when injected intravenouftly 

into other dogs. At that time this observation whs of interest 

only in that it appeared U^ indicate that l)ie similar depre^snor 

JoUuvuce exerted by extracts of the dog's kidney was due to 

le content of urine which eould not be removed. 

My interest iu this peculiar manif^tation wait again aro\is(*<l 

a chance observation made during the counie of a nK^«nt 

Btndy of diuresis in the pathological kidney. Dog's urine, on 

aceoant of its very decided depressor influence, from which the 

animal-quickly recox't-rs, was used in thi>i work tu a means of 

ipidly lowering Ihe bliN»d-pressun>. 

Il served most BatisfdctoHly for tbia purpow and never 
iled with a large scries of normal urines. Early iu the invcs- 
ition, however, it was obst^'rved tbat the urinu from an animal 
third day of a ^hrumatr uephrilis failed to raiise the 
lal depros-sor effect. This chance observation led to the 
latiue investigation of the urine of uniiniils with various forma 
expcrimentiil nt^phritlJi. As a result il was found thai Ihe 
iprauHir substance disappeared about the third to ihe fifth 
from the nrine of Ibosc? animals smffering from renal lesions 
■actonz«d by exti'usive tubular injury and pcraistcd after 
administration of subsltmuox cHusing glomerular injury 
little or no tuhnlar ehange." 



f 'Pmuv*. ft- M. : Cniiraniiiig the Depressor Sithstanrv ot Do^k 
in* and its DiHoppeamiirv in (Vrlniii Forms ot Kxperiuentol 
Mtc Nephrilipi. J'^ir. KxjHrr. Med.. l»in, zii. No. 2. 
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This difference suggests that in the tubular lesion of chro- 
uiate and ui'anium nephritis, which is characterized by exten- 
sive epithelial destruction, some substance normally eliminated 
is retained, while in the glomerular nephritis, caused by arsenic 
and cantharidin, this retention does not occur. The elimina- 
tion of the depressor substance would appear, therefore, to be 
a function of the tubular epithelium. This view is supported 
by a study of the effect produced by normal urine as compared 
with that passed at the height of diuresis. Thus, in one animal, 
the urine obtained from the bladder at the time of inserting 
the eanmihi caused a drop of pn\s.sure of 64 mm. Hg., whereas 
at the height of eaffiMue diuresis the drop was but 30 mm. In 
another animal the figures were GO, 32, and 16 for (1) the 
normal urine, (2) the beginning, and (3) the height of diuresis, 
respectively. This indicates that the increased glomerular 
filtrate either dilutes the depressor substance eliminated by the 
tubule, or it passes through the tubules so rapidly that this 
substance is not added in the usual amount. 

In animals with experimental nephritis of the tubular type 
the disappearance of the depressor su!)stanee " from the urine 
is frecpiently associated with a lowering of the blood-pressure, 
which wmild appear to indicate that the retained depressor sub- 
stance may have a d<»finite effect on the general blood-pressure. 
This observation is not, however, based on blood-pressure deter- 
minations on the same animal, before and after the development 
of nephritis, but by contrasting the pressure in animals with 
tubular nephritis with that in normal animals. It may, as is 



• / « 



Conceniin^' the exact naturi» of tliis <k»pivssor sulistance I have 
no kiiowltMljre. It <lialy/A's slowly, is not destroyt'il hy boiling for a 
few minutes, hut does disappear after pr<»lon.ired heatinjr. It can, 
iiowever, he completely ])rtM'ipitated I'nMii the urine in impm-e fonn 
by larjn* amounts of aleohol. The piveipitate thus obtained, when 
dried and bnmirlit back to ori«:inal volume with distilled water, has 
a deprt»ss<»r etTtK't equal to that t»t' the untn»ated urine, while the 
filtrate evaponited at i*oom tenj]»eratun' to orij^inal volume has no 
<'(Tect whatever. The ])recipilatc is not a siujifle sulistnnce, but eon- 
tains i»hosphates. chlori<les, and sulphatc»s and has a ver>' small 
nitmirtMi content. 
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true in glomerular aephritis, be due to mmie Dther factor affect- 
ing thv vnsciilur systcni ^tftierully. 

Investigations now iu progress will, I hope, throw more 
light on the nsttire of this depressor substance, and, I trust, on 
the Kignificauce of its disappearanco from the urine. At present 
the latter is of importance, as a niauifestatlou of tubulur 
nepbritis, tm eoutnistfd with glomerular oephritia; as an indi- 
catiou of possible normal tubule fuDctioii; and possibly, also, 
as an explanation of certain conditions of low arterial tension 
in man. C'ouceniiug the latter we have little information, for 
i-linical studiea have been confined largely to the condition of 
liy[wrten>tion. It is of interest, however, that in the disturb- 
ant^ea following too great experimental redu(!liun of the dog's 
kidney, a condition of acute renal insufficiency, Janeway has 
[jleDioustratt'd a definite fall in general pressure. If it could be 
town also that the depressor subatajice disappears from the 
13 of these animals we would have a very substantial basis 
br a theory of acute renal insufficieney of tubular origin lead- 
{ to hypotension. 
It is perliajHs ut^edleas to say that such observations have 
ipparently no bearing on the hypertenaiou of scarlatinal 
pfaritis or that of the inten>titial type of chronic nephritis. 
Iso, one cannot assume that the experimental conditions here 
icribetl bold for huinau uephritis. At present they must be 
naidered merely as interesting experimental obser^'ations con- 
ning the infiucnce of the kidney on blood-preasure. and 
although it bringH to this subject some confusion and uncer- 
tainty, future investigation-i may odd unexpected knowledge, 
perhaps, in the direetion of a better understanding of tubule 
inctions. ' 

iKDP.M A 

As cedema is, in many wayx, the most striking manifestation 
( orrtain forms of nephritis in man. it is natural that it should 
Bconaidered in a disciLwion of experimental nephritis. I will 
t attempt, however, in this connection to present the con- 
ing view* concerning the physiologj- of lymph formation 
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or the general pathology of cedema, which are admirably set 
forth in Meltzer's lectures on this subject, but will limit myself 
to the recent studies due to the stimulus of Bichter'a demon- 
stration that acute uranium nephritis in animals is accom- 
panied by oedema. The older literature contains much experi- 
mental evidence concerning the importance of hydraemic 
plethora or of vascular injury (Cohnheim and Lichtheim, 
^lagnus, Albu) in the production of renal oedema, but as this 
is for the most part based on transfusion experiments in which 
large amounts of fluid were used, or experiments on dead or 
nephrectomized animals, it is not entirely satisfactory, as the 
conditions are too artificial. The results of such experiments 
are based on the absence of kidney function rather than on 
the influence of the altered function of the diseased kidney. 
Only uranium nephritis, of the various forms of experimental 
renal disease, is accompanied by a spontaneous oedema, and 
thus o£fers experimental conditions analogous to nephritis in 
man. 

The more important theories of renal oedema may be briefly 
stated. On the one hand are those who support the importance 
of hydnemic pletliora as enunciated by Grainger Stewart and 
Bartels, but more or less modified by later investigations, as those 
of Roth-Schultz and others. On the other hand are those who 
consider liydra»niic plethora of secondary importance, and, fol- 
lowing Cohnheim, ascribe to the injurj' of peripheral capillary 
blood-vessels the iniportjmt role. With this theory is closely 
associated that of Senator, who presupposes injury of the renal 
vessels as well as of the peripheral vessels. 

There is a tendency to bring these explanations together, 
giving each its share in a theory which ascribes the cause of 
(edema to the combined influence of renal ves.sel injury and 
peripheral (cutaneous) vessel injury, the former leading to 
retention of water or salts, or both, and the latter responsible 
for the increased permeability of the capillaries at the site of 
the local accumulation of fluid. In brief, the problem has 
become essentially that of the relative importance of va.scular 
injury, hydnemia, and salt retention. Since the demonstration 
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of the viiliif of uranium QitrnU- ' fur the production of « 
nephritin with n>d«tnia, the influciiw uf these factow ha;* been 
t txteuBively reinvestigated. 

m Ricfatt-r found that rabbits receiving subentaueously small 
I doaeti of uranium nitral<? and at the same time 100 c.e. of water 
daily by stomach-tube, developed » weli-markwl (i'<li-ma of the 
subcutantHPUK tissue with the accumulation of considerable 
lunouuta of fluid in the s«roiui cavities. This uxlema, it is true, 
Siffeni in two respects from that of nephritis iu man; 

1. There is a greater tendL'ncy for the fluid to accumulate 
1 the aerouit cavitien and subcutaneous tissues than in the skin 
roper. This ia probably due to hiittological differences between 
u skin of man and the rabbit, but is not of great importance, 
r the widespread oHiema involving the Rubcutaneous tissues 

F the altdumen and thorax and friKiuently extending to thu 
>ck. ht^nd. null extn-mities. is sufficient evidence of ^neraj 
jdema. 

2. The tluid is richer in albumin and tends to clot more 
wdily than is the case in man. There is, however, no evidence 
iBt this fluid is of inHnmniatory origin; the high albumin con- 

* probably 1o be eKpliiincd by the acute character of the 
wion. and in this n-gard aiipniaehes the chanieter of the fluid 
1 the (vdema of scarlatinal nephritis. 

Deiiptte these slight difTerenei-s the picture is sufficiently 



' It is a matter nf Ittcol itilerml llmt, although mniLroscopii' 

ince I'f renal injury ilue to uruiiuui was observed by Leconle in 

, the flist carefully i-wordcil otMnTations <in iimninni nephritis 

i from Pn)ressor niitk-adeii's labnrulory si New Haveii, and iu 

1 a eonuiumicolion from thi" lot>orstnry, I'rnfosmir Chittendm 

Dr. Alexnndpr Ijuiibt-rt of this city flrsi deMrribeil asi'ittw in 

a with ursnimn poisoniiifr- Wuruwhilsky in the followiiitr 

a rnmRittTii''atii>n fnim the pbarmacologiiriil institute at 

-pal. dei^ribed. acirumlely. diffuse ipdeiua of the nkin and sub- 

Knis timucs and ttir nci-umulntinn of flnid in ltii> semus i-svitiPB 

t body. ThMc observations were, however, eitliar overlouked. 

ir importanpp not HiipniHnlfHl. fur it woe not nntil IflOS, when 

•t"* ponimunicstiiiii nppwirt'd. that Ibi' ini|Mirlunei' of this 

wrimental lesinn was cf-nerslly reropnited. 
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similar to the aKlema of man to be considered a true experi- 
mental nephritic oedema, and is so regarded by thie large number 
of investigators who have confirmed Richter's observation. 

The studies of uranium cedema fall into two groups: those 
bearing on the question of water and salt retention, and those 
dealing with vascular injury. The first group includes experi- 
ments in which artificial plethoric hydnumia is produced and 
those in which the salt content of the body fluids is increased 
by administration of sodium chloride. The second group in- 
cludes physiological studies of the renal vessels in uranium 
nephritis and also the study of the influence of vascular poisons 
in tliose forms of experimental nephritis not ordinarily accom- 
panied by a'dema. 

The literature of water and salt retention in nephritis. 
which is voluminous and most confusing and contradictory, 
need not be sunnnarized. The matters of greatest strife are 
(1) whether salt retention or water retention is primary; (2) 
if the salt retention is primary, whether it is a true tissue reten- 
tion or secondary- to vascular lesions which render the glomeruli 
less permeable to the salt. In either case the water retention 
is considered to occur as a result of the salt retention. The 
third i)ossibility is that both water and salt are retained simul- 
taneously as the result of glomerular injury. 

The cxpenincntal i^vidonce, based on altered kidney function in 
animals, which wa.s at hand i>iwi<»ns to the study of uranium oniema, 
may In? illustrated by two types of experiment. Beck and Qlucinski, 
as well as Lepine, had demonstrated that temporary ligation of the 
ureter of one kidney was followed by a lessened elimination of 
cldorides as compared with the opposite sound kidney, thus favoring 
api)arently the theory of decrease<l renal penneability. On the other 
hand, Castai^ne slifiw(>d that, althou<;h there is a diminished chloride 
excivtion in dop* with expenmental nephritis, as compared with nor- 
mal do^, this ditTerence wils not t»l»sened if the resp(H*tive animals 
received salt solution in the renal arterv. in other wonls, if the 
salt was bnui^rht to the kidney, the ki<lney could e.\cn»te it. In other 
experiments nonnal and nephritic animals were bled and the blood 
rei)laced by saline solution. Shortly afterward 200 c.c. of blood 
taken from the renal arterv of each showed the sidt content to be less 
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in ibe luiimal with iieplirilis. Tbeee t»periininiU arc iii>nnlly quoted 
MS fviilen(« at primary nstciitimi of cblorideii in ibe liasuM. It mitst 
be bonie in miiiil. buwever. tliat in tbfse exp^nmcnl^ Uie reual 
lesinn was not nnp HrniinpHiiivd by a ftpuHlaiiouus udenia. 

In the early work on nniniiim ledema it was found that the 
admioiatrstion of water in cxceas was e3M>ntiBl for the develop- 
ment of a frank n>dema, though occasionally, as in Oeoi^o- 
puloBs aerieH, a slight or moderate grade of <rdemu occurs in 
ii[iwat4-red uniirinls. 

RichttT took up the i|ueiftion of the relation of hydnemia 
to salt retentjou. !Ie has found that if both salt and water are 
administered to animals a greater (edema is produced than with 
water alouc. On the other hand, salt without watvr has no 
powrr til iiii-rease the hydrops, and if Ealt i* piven wilh half 
the amount of water usually administered, the cedema is not 
appreciably gn'ater thnn in those remving water only. On 
thcite olMervatioiiH and the demonstration that chloride retention 
occnm in other forms of experimental nepbritia without the 
occtirrence of (Edema, Ricfater <;onclndpH that water retention 
R more important than salt retention. 

(leorgopulus has utilized uranium nephritis to determine 
t matter of chloride retention by direct (piantitative analysis 
J the body fluids and tisanes. His conclusions are verj- defi- 
tely stat4-d as follows; 

in iiraiiiiim, wi well as iu eaiitbaridin iiepliritif. do cniialniiL 
latjon exists between the water and Knit exe-rclion; mnre water than 
« trlaineil, thus leadintc to n dei-rease iii the chloride content of 

> blood. Tliis uidiciiles that water rt'leiitiiiTi i» de|iendeut mi a 
nary dicliirhaiire o( tli« wali^r-eliiuinalbg )iuwer uf the kidney 
1 i* nut necoiidary to chloride relcntioD. Mnniiver, nn iiicreuse of 

lorideo ia the tisinns with a n.'duclicm (if chhiri' 

> I(I(hh] coLiiil not l>e del iioiirI rated in niiiciinl! 



Sfhirokauer, in a similar investi[.'ntion. found that in irdemn. 
diongh the tissues had u salt content greater than normal, it 
I no gn'Aler than the Malt increase in the blood and in the 
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hydropic tluid of the body cavities. The increased salt content 
of the tissue does not therefore support the theory of primar}' 
salt retention, l)ut indicates rather that in the process of trans- 
udation the salts and water leave the vessel in the same per- 
centage relation, one to the other, as they occur in the blood. 
Other important studies are those of Bence concerning the 
altered distribution of water in the body and of Heineke and 
Meyerstein dealing with salt and water relations. The results 
of the latter, in that they indicate that salt retention may pre- 
cede water retention, are not in accord with the other investiga- 
tions <iu()te(l, but I have, I believe, sufficiently illustrated the 
value of uranium nephritis in the study of this phase of experi- 
mental (edema and also shown that the bulk of evidence does 
not supi)ort the theory of primary salt retention. 

Of even greater interest are the recent experimental observa- 
tions concerning the importance of vascular injury. It was 
early recognized that, although the administration of water in 
excess was necessary for the development of uranium oedema, 
this was not the essential factor, for the administration of water 
with or without salt to animals with chromium, aloin, can- 
tharidin and other forms of nephritis did not cause oedema, 
despite the* fact that in some of these forms, as chromium 
nephritis, the histological changi»s are practically the same as 
those of th(i uranium disease. Such observations naturally 
recalled the early experinuMits of Cohnhcim and Lichtheim con- 
cerning the imi)ortance of vascular injury, due to various forms 
of irritation of the skin, and those of Magnus, in which vascular 
poisons, as arsenic, chloroform, and ether were used, and sujr- 
trested the possibility of an action of uranium, or of substances 
formed during the <*ourse of nephritis, on the l)lood vessels, 
both renal and perii)h(»ral. Several investigators (Blanck, 
Heineke an<l Meyeixtein, (icorgopulos and Pean»e) have ex- 
pressed opinions to this effect. It remained, however, for 
Schlayer and his associates, Iledinger and Takayasu, to demon- 
strate by j)hysiologieal methods a functioiud disturbance of the 
renal vess<»ls in uranium nephritis, which disturbance, appar« 
ently, is an important factor in the production of redema. Ura- 
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iiiiim oepbritis, it may be again omphasizcil, is snatnmiualiy of 
I 111' type i)f tubtitar nephritis and charapteriwd by Hstensive 
< U'wtrm-tion, oven- to necroKis of complete InbuleJ*, and by abuii- 
daul eliminnlion iif nlbiimto and casts. Anatomical chaiig<« in 
till- gliiiiifruli. aside t'nim Nlinlit thickening of the capillaries, 
Ihe outlines of which are more or less indistinet, are not evident. 
S<^litayBr iittaeked uranium nephritiH by the name methods 
which hud sen-ed to differentiate tubular and vascular nephri- 
U was found that in the early stages m well as in the late 
uraniiuu gives the reaetioiia of a true tubular nephritis. 

the tyjw of the chromale or the corrosive sublimate disease. 
It has. however, an intermediate (rtagc which differs strikingly 
from both the pure tubular and the pure vascular formH and 
which Schlayer has observed in no other form of nephritis 
except once in that form due to diphtheria. 1 may repeat, in 
onier to present this peculiar n-action more clearly, that thft 
characteristic feature of vascular nephritis is the failure of 
dilatation of the vessels with little or no diuresis after thi^ 
administration of diuretics. These manifestations alsit oei^ur in 
the lalf stKgt^ of tubular nephritis. They oixur also at the end 

uranium nephritis, hut pret-eding it is an intermediate stage, 
hieh the administration of 5 pfr cent, sixlium chloride 
lames exirenii' dilatation with strong pulsation hut no corre- 
sponding diun-sis. This stage develops thirty-sts to forty- 
ivht hours after the iiiset of the experimental iliseast! at a 
linn* when no a>dema is evident, but when the urine is decreased 

•mount as eompareii with the preliminarj- pnlyiiria. The 
•]» react to contraction stimuli strongly, the blood-pressure 

iWa no change, the gmwer of dilatation of the vessfls is main- 
t.iined hut ia uiuiccompanied by tiow of urine. This occur- 
rence, which was observed in fourteen animals, would appear to 
be detinite evidence of decreased permeability of the glomerular 
vessels, marking a pre-irdemic stage, during which a retention 
of water and salt occurs. Later, when the renal dilatation fails, 
csplllariea of thu general circnlatinti pn-sumably bceome 
leable and cedems develops. 
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This phenomenon has one peculiar phase. Some minntes after 
the inhibition of diuresis caused by the salt injection a few drops 
of urine are excreted, but no further improvement in the flow of 
urine occurs. If, after a lapse of twenty minutes or so, caffeine 
is injected, the kidney vohime, which has fallen, increases to the 
maximum attained after the previous salt injection, and a slight or 
moderate diuresis ix*cui's. This diuresis is not so great as tiomial 
caffeine diuresis but is more prolonged, and the kidney-volume does 
not return to its normal level. That the production of diuresis under 
these circumstances is ])eculiar to caffeine was shown by the fact 
that if tlie injections were reversed, caffeine given first and followed 
by salt, each i)n)duced the same effect as before. Also it was 
impossible to cause diuresis by the administration of other diuretic 
substances, as urea, dextrose, and sodium sulphate, though all cause 
dilatation of the blood-vessels. 

That caffeine alone ])roduces diuresis in this stage is of interest 
phannacoloprically, as Sclilayer has pointed out, in that it supports 
those obser\'ations which ascribe its activity to a purely secretory 
process. Also from a therapeutic point of view it is well known 
that the action of caffeine in nei)hritis hi man may differ from that 
of the saline diuretics. 

Several object ions might be raised to the view that the essen- 
tial lesion in crdenia is a diminished glomerular permeability. 
All of these, however, are met by Sehlayer's carefully con- 
trolled experiments. It mijrht be objected that the strong 
sodium chloride solution itself produces the prlomerular injurj'. 
That salt is hannful to the normal kidney has l)een frequently 
demonstrated, and Castaiprne and Ratherv' have shown that the 
injection of normal salt solution into rabbits with injure^! kid- 
neys causes an increase in albumin elimination. Against this 
objection wc hav<* the observation of Schlayer that urea and 
dextrose, certainly non-toxic in the doses used, had the same 
(»f^Vct as strong; salt solution. Other objections, as that based 
on the theory of primary salt retention and the assumption that 
the body had almost reached its limit of salt fixation at the 
beprinning of the experiment, and that the half-jrramme of salt 
injected was sufficient to bind the water so that no diuresis 
could occur, are met by experiments in which threc-hundredths 
of a jmnnnic of salt |)ro(lncc'i al)t)\it the same decn»a.se in 
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<)iiin'»ii! m did tin.- IiuIf-^rHmmc. whifh should not l>e the case if 
iIh-si' iibjfi'licmii werp valitl. The objt'ctiop that a hbU retention 
tiKiUM-ialed with nil early Jni-reased permeability iif the peri- 
I>hi*ral vi^nhcIk might iireutint for thi- ii-dema is nn"t by cxpfri- 
mcnts wliirh chow thai no iifU'iiiK i-oiild lie jirmlneed. during this 
intermediate stagre. by traiiKfiisinfr th« tisnieH with salt solution, 
nhereas it «>uld readily be produced in the final utagc. In 
brief, the control experiments indicate that the increased per- 
meability of the peripheral vesaels follows, and is presumably 
the result of the glninerulur impermeability. 

One must admit the importance of Schiayer's observation 
ooneemini; this peculiar condition of the renal vascular system 
in the intermediate sta^ of nrnninin nephritis; n functional 
disturbance whieh occurs only in that form of experimental 
nepfaritiK which leads to cnlema. It is the strong point of a 
theory of trdema which rei-oncihM inimy of th» conHictine views 
on this subject. Decreased glomerular permeability, occnrrinc 
I>rimari!y and causing a retention of water and salts with 
secondarily an increased pemieahilily of the peripheral blood- 
vessels is a convinciuK thcorj% and perhaps more than a theory, 
r.when the experimental work on which it is based is considered. 
Jertainly the experimental evidence which Schlaycr offers shows 
lat, if either of these factors is absent, no (edema occurs. 

Oonceming the imporlance of these factors. I have reach>'d 
inilar conclusions as the result of a study somewhat different 
1 nature. Accepting Sehlayer'N opinion that a vascular lesion 
i essential to the production of icdema I have attempted ti> 
ncc fjedeniii in true tuhular nephritis by the administration 
iscular poisons. The relative importance of hydnemia and 
iilar and renal injurj- wan al*) wtudied, Potas.siiim chromate 
I u-siil to proilnee a tyjie of experimental nephritis almost 
[closively tubular and not uccompanicti by rrdemu. For the 
poduotion of vascular injiir>'. rattlesnake venom, riein, and 
lenic. all well-known vascular poisons, were iitilized. Water 
ministered by stomach-tube, in amounts of IfM) c.c. daily, 
Oticlit atwut a condition of plethoric hydncmin. A larirc 
mber of rabbits were usihI i some receivctl all Ihree of thcju* 



48 HARVEY SOCIETY 

substances, some only one, and others various combinations of 
two; thus all possibilities were controlled. 

It was found that oedema resulted only when the threb 
factors of renal injury, vascular injury, and hydraemia were 
present. No one of these factors acting alone and no combina- 
tion of two was sufficient to cause (jcdema. The e.«perinients 
in which venom was used were particularly valuable in that 
evidence of injury of the renal vessels as well as of the peri- 
pheral vessels was offered by easily demonstrable hemorrhagic 
lesions of these structures. 

From this summary it is readily seen that the study of 
experimental nephritis has added much to our knowledge of 
the relative importance of jrlomenilar injury, hydriBmia, salt 
retention, and i)eripheral vessel injury in the production of 
anlema. This knowlcdjre has been obtained in the only way 
possible, that is, by the study of a form of experimental 
nephritis accompanied by spontaneous oedema. 

TOXIC SUBSTANCES IN (EDEMA 

In connection with the phases of experimental nephritis 
just discussed, the next i)roblem is the determination, if pos- 
sible, of the character or nature of the sulistance or substances 
concerncfl in the production of the vascular lesions, both renal 
and periplieral, but especially the latter, in nephritic o&dema. 
C-linical and patholojrical studies ofler no assistance. The early 
appearance of the prominent glomerular lesion of scarlet fever 
naturally sugprests that the products of the etiolop^ical agent 
of sfarl(»t f(»ver are responsible for this lesion and possibly also, 
as Senator has su^^p^sted, ft)r the vas<Milar lesions of the asso- 
ciated o'deina of the* skin; but in the absiMice of definite knowl- 
e<lj?<» of the (»tioloyry of sc'arlet fever or of its toxic products, no 
c(mclusions can be drawn. Likewise in certain infections, as 
with the pneunnKMK'cus and strei)toc(K*cus (Councilman), in 
which capsular and intrncapillary jjlomerular lesions are some- 
times seen, the toxic products of the infectinjr orj^anism may be 
considered responsible for the renal lesion. On the other hand, 
in those forms of chronic nephritis in which cedema most fre- 
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qiiently oct-urs, the gUoIo^ is obiieure, the relatioii of puren- 
ciij'taatous Ui viisculiir lesions uncertnin, and therefure cod- 
i-lusious are irapossihle. Even though it be granted that the 
general vascular lesions of the acute forms of glomerular 
nephritis are due lo the poisons of the primary disease, our 
lack of knowledge of the toxic factors in chronic nephritis leaves 
DO explanation for peripheral vascular lesions. The study of 
experimental lesions of the kidney has thrown little light on 
this problem, but certain observations with the serum of animals 
with experimental nephritis are very suggestive of the mode of 
development of peripheral vessel injury. Thus Heineke found 
that rabbits nith chromate nephritis, which is not characterized 
by cedenia, developed cedema when injeete<l with the serum of 
animals with uranium nephritis. This phenomenon, since con- 
^-^rmed by Blanck, who, however, finds that it is nut a constant 
HMCurrenoe, suggests that iu the serum of animals with nephritis 
Hnbatances occur which operate to produee <i>dcma. Two ex- 
^■planations seem possible: either the retention, as the result of 
kidney insufficiency, of substances which act as lympbagogues of 
the se<!ond order; or the injurious action on the endothelinm, 
of some substance or substances causing an alteration in its 
permeability to tluids. The latter of these explanations is natu- 
rally more in accord with the experiments of Schlayer and his 
>ciates and with those which I have lieseribed. In a later 
ries of experiments with Meyerstein, Heineke supports the 
sorj" of injurious action on blood-vessels. In this study is 
tortcd the production of cedema iu 64 per cent, of ehromate 
mala receiving uranium seriun intravenously; but (edema 
I also found in an equal number receiving normal rabbit 
As chrtHnate nephritis, in the absence of semni injet*- 
. does not cause cedema, it is suggested that the scrum in 
>th instances had some injurious effect on the blood-vessels. 
"Of similar import are the results obtained by (ieorgopiilos, who 
pnHluced a moderate nedema by injecting nephroctomized 
rabbits with the serum of animals suffering with uraniimi 
tphritis. In some of my own experiments with chromate 
gybritia I have found it possible to produce in the rabbit 
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moderate grades of csdema by injecting an alien 

and an tedema wnial to that of uranium ueptritis, by 

nephrotoxic iramune serum (dogj. 

Despite the difficulty of explaining Heinekc's results wt 
normal serum, the various obaervations presented »U| 
strongly the presence in the serum of nephritis, of elenten 
acting on vascular endothelium. Whether such substances oi 
the retained products of metabolism or whether they are std 
stances formed anew, in the course of nephntis, or are poosib 
due to disturbances in those organs characterized by intei 
secretion, it is impossible to say. 

Such observations must fall in the same cate^ry as tl 
of Lindemann. Bierry, Sawyer, and myself, coucerning tl 
power which the serum of various forma of nephritis (chr 
mate, uranium, spootaneous, and that due to nephrotox 
immune serum) has when injected intravenously, of causie 
albuminuria and cast excretion in noniial animals. The effei 
of the senim in each group of obser\'ation8 suggests the infll 
ence of the common factor, the renal disturbance, but onfo 
tunately, while suggestive, the observations are as yet of i 
indefinite a character that they cannot be applied to hama 
renal patholc^ty. They would appear, however, to form 
promiaing basis for future experimental investigation. 

THE STUDY OF CHBONIC RENAL INSUFFICIENCY 

In this presentation I have thus far limited my diaousnog 
to those problems to which have been applied methods whid 
offer a functional conception of the acute disturbances bl 
nephritis. For this reason I have ("onsidcred only those lesion 
to which may be applied the terra "nephritis" without fear € 
contradiction. Such lesions are. for tlie most part, thow d 
acute nephritis, and thus the problems of chronic nephritis, a 
nnemia, hj-pertenaion, and heart hypertrophy, have necessarilj 
been excluded. The experimenlal investigation of these lattof 
phases of nephritis, because of the inability to produce ( 
stantly chronic; lesions, has been attempted by means of t 
so-called redaction experiments in which, by operation, I 
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kidnpy tnibtttancc has been reduced to a iniitinium compatible 
with life. Such experimenla have yielded ioformatiDii of much 
int«rejit^ and nltUou^h. strictly Hpciikin^. they represent the 
efTwt of insufficient function, rather than the etTeet of a true 
nephrilin, they may. I think. 1>6 discussed here in connection 
'irith the funeral problems of renal patholof^y. 



DtsrrRBANCGS OF UET.VBULteU AN 



By the study of the metaholiiim in animab with experi- 
mental nefihritis one might expect to obtain information eon- 
centing disturbances of elimination, or of the inHnence of the 
kidney lesion on general metabolism, and thna throw some light 
'III the conditions determining the development of unrmia. 
Such studies do offer some information of early iir mild dis- 
■bances manifested by diminished nitrogen elimination 
ISiegel, fJn«n). but in the severer iesinns. the early occurrence 
of vomiting and diarrho'a with inability to ingest, retain, or 
ntilize properly the food administered, all symptomx evidently 
of renal insufficiency, ho disturbw the nitrogen equilibrium that 
.metabolism studies arc impossible. This is true, not only of 
:perimeutal nephritis, but also of those procedures by which 
renal substance is greatly reduced by sucoessive extirpa- 
s. Sneh experimenta have therefore added but little to our 
lowledge of disturbances of metabolism as obtained by clinical 
idies. The reduction experiraenta bear particularly on the 
ti«nce »f the kidney on general metabolism. In the first 
iportaut investigation of this subject, that of Bradford, the 
icluaion was reached that slight reduction wait followed by 
increaao in the elimination of water, but no clmnge in thi' 
lid«; on the other band, an increase in total solidtt was found 
oeiTur after the removal of three- fourth.* of the total kidney 
ibatancn; an absolute increase when food was taken and a 
lative increase when the gastro- intestinal distnrbancea were 
As the blood and tisauw* under the latter circum- 
IDC4M showed an increase in nitrogenous extractives. Bradford 
icluded that these disturbanoea were due, not to retention of 
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products of normal metabolism, but to an increased tissue 
eatabolism, affecting especially the muscles. 

Recently Bainbridge and Beddard have repeated these exper- 
iments. They find that the increase of nitrogen elimination is 
not constant and occurs only during the last few days of life 
when the animals show a loss of 22 per cent, of body weight, 
the result of gastro-intestinal disturbances and loss of appetite. 
I'hcy conclude, therefore, that the kidney has no influence on 
nitrogenous metabolism, and that the disturbance of nitrogen 
elimination is to be ascribed to inanition, and is simyar to that 
occurring in fasting animals. My own experiments on this 
subject led to conclusions in entire accord with those of Bain- 
bridge and Beddard. It would therefore appear very probable 
that mere reduction of kidney substance, even to a minimum 
compatible with life, does not lead to disturbances of metabolic 
function capable of being utilized in the explanation of uraemia. 
Likewise these experiments indicate the improbability of the 
l^resence of an internal set^retion of the kidney capable of influ- 
encing general metabolism. 

It is evident, however, that although under such circum- 
stances there is no disturbance of general metabolism which may 
be recognized by chemical examination of the urine, the very 
striking gastro-intestinal disturbances must be explained 
through some fault of kidney function. As these disturbances 
occur also in experimental nephritis of the tubular type (ura- 
nium, chromium, and corrosive sublimate) and not at all or to 
l)ut a slight extent in the vascular fonn (arsenic), they would 
appear to be due to a fault of tubule fiuiction, and the natural 
inference is that these disturbances are to be explained by a 
vicarious elimination into the gastro-intestinal canal of toxic 
products normally eliminated by the kidneys, and presumably 
are the manifestations of experimental unemia. 

Some supi)ort of such a theory is offered by clinical studies 
of unemia by von Noorden and his asscwiates, who have found 
such a vicarious elimination, with an increase of ammonia 
nitrogen, to occur especially in the so-called unemic diarrhoea. 

In one of my early investigations I tested this theory as far 
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as fecal nitrogeu is ooncemed io anituala with kidney reductiuD, 
bat with negative resatts. More recently, with the asHistanee 
of Dr. liill, I have estimated the total uitrogen eliminatiou in 
urine and fa>ces in a fiToup af animals with various forms of 
experimental nephritis. A constant decrease in urinary nilm- 
geu varying from 9 to 14 per cent, was noted in the tubular 
form of nephritis, during the few days preceding the develnp- 
luent of gastni-intestiuHl disturbance, but at no time was the 
nitrogen appreciably altered. 8iegel in similar eicperi- 
its has also found the same drop iu urinar>' nitrogen without 
increase m feeal nitrogen. 

■taboliam studies, therefore, indicate that the alimentary' 
listurbauces are not du<* to vicarioHs elimination of nitrogenous 
tubstancen into the intestine, or. on the other hand, to dimin- 
lod al>s(iq)liun of such l>odies therefrom. It may be possible, 
I have NUgge»i1cd elsewhere, tliat toxic substances, non-nitro- 
tons in nature, which cause irritation by elimination into the 
ines, are responsible for this disturbance; or that. 8ccu> 
iting in the blood, tbey act either through the central 
'ous system, or locally on the tissues with which they come 
contact. 

This problem I consider one of the most important offered 
solution by experimental nephritis. The gastro-intestinal 
iturbaRe«s with the aasociated respiratory and circulatory 
disturbances, and. not infre<inently. a period of unconscious- 
new, essentially evma, for several hours before death, consti- 
tute a syndrome eharacteri)<tic of renal insufficiency, and. pre- 
sumably, of espcrimentjd unemia. Tl is not loo much to assum<- 
that the determination of the factors responsible for this experi- 
ital condition may explain some phases of urtBrnia in man. 

nVPEKTBNSION AND UEABT irn>E»TBOPIiy 
• hypertension and left-sided heart hypertrophy so char- 
teristic of the atrophic form of chronic nephritis have led to 
meroaa investigations having for their object the cxperi- 
lutal reproduction of thew conditions. It is bnt natural, in 
V of the fact that the chief characteristic of the human lesion 
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is an atrophy of the kidney leading presumably to diminiihad 
function, that the experimental methods should at flnt be 
largely those causing a considerable diminution of the fone- 
tional area of the kidney and at the same time allowing a sur- 
vival of the animal for long periods of time. As the aeate 
forms of toxic experimental nephritis cannot obviously be 
utilized for this purpose, and as atrophic forms of chionie 
nephritis cannot be reproduced with any constancy, the method 
employed has been that of gradual reduction of the kidney sab- 
stance, by successive operations, to a minimum compatible with 
the life. Although conditions analogous to those accompanying 
the interstitial type of chronic nephritis in man have ooca- 
sionally been observed as heart hypertrophy by Paoli, and an 
increased amount of dilute urine by Bradford, the exact study 
of this problem begins with the observations of Passler and 
Heineke, who, in 1905, attempted for the first time to study the 
changes in blood-pressure by direct manometric observations. 
These investigators found that after the removal of a consid- 
era!)le i)ortion of the kidney substance, approximately two- 
thirds to tliree-fourths, by successive operations, a rise of blood- 
pressure occurred which was peniinnent and associated with 
cardiac hypertrophy and the elimination of an increased 
amount of uriin* of lowered specific gravity. This result was 
not constant, but occurred in about 25 per cent, of the animals 
which survived, l)y at least four weeks, a considerable reduction 
of the kidney substjince. in such it was observed also that 
arterial spasm with further rise of blood-pressure quickly fol- 
lowed stimuli wliich in normal animals would produce little 
i^ftwit. Tht^e observati<ms suggest that the heart hypertrophy 
is due to incn»ased work resulting from the circulatory dis- 
turbances caused by th<» tendency to arterial spasm, and that 
the vascular spasm is due in its turn to the effect of retained 
toxic substances. 

The detennination of the blood-pressure in these experi- 
nu»nts was hy direct mea.surenient in the femoral artery: single 
readings were made l)efore operation and one or more after 
operation. Although the difference's noted, varying from 15 to 
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29 mm. Ug. with aa average of 21.5, are ((Utto definite, the; 
are open to objection, as Theodore C. JaDeway has pointed out, 
uQ accoimt of the weU-known normal variations in prenure 
which oi'iiur from time to time. To ubtxin more detioite iofor- 
mation of the changes from daj' to day, Janeway has utilised in 
such experiments the universally accepted clinical method of 
Uet^-rminiiig blood-pressure. He has modiHed the Kiva-Kocci 
cuff HO that it may be applied to the foreleg of the dog, and 
the pressure determined with a minimum of em>r, estimated at 
about 10 to 15 mm. This method of measun'meut he has used 
on animals iu which the renal substance hud been reduced by 
Carrel's method of ligating several of the branches of the renal 
artery. Observations on such animals, in some instaacea cover 
ing a period of fifteen months, show, as eompansd with the 
normal readings before operation, a decided increase in pres- 
sure: thus in oue animal was observed an increase from the 
average normal pressure of 90 mm. to an average of 125 mm. 
after 100 days; in another an increase from 117 to 150 mm. 
11ie maximtmi and minimum pressures of the reapeclive daily 
observations showed alao the same relative increase. 

From a consideration of the experiments of Paasler and 

Heiueke and of Janeway, oue faiiuot but oonclude tliat a condi- 

tion of experimental hypertension of renal origin ia brought 

about as a result of the reduction of kiduey sulMtance. Such 

experimenta, however, aa yet offer no explanation of the meohan- 

iam by which the hypertenaion arises. It can hardly be due, 

^B^ the extirpation experiments, to the influence on function of 

HKere reduction of kidney tinue, for as I have ahown. the 

^PCactor of safety" for the kidney is Much that one-half of one 

^Kidney appears to be auf&cient for the proper elimination of 

nitrogen and presumably also for other solids. Nor in the 

ligation experiments of Csrrel and Janeway can il be due to 

I mechanical effects of the reduction of the kidney circula- 

n, for. as Ludwig has shown, compb^te ligation of the renal 

leriea Is not followed by permanent increase in tlie general 

l-preasure. The single anatomical condition which ia uo- 

table and follows all forms of injury ig a varying degree 
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of infarction-necrosis. This is slight in amount in the *' polar" 
excisions of Sampson and myself, somewhat greater in the 
''wedge" excision of other investigators, and from the nature 
of the injury must reach its maximum in the ligation experi- 
ments of Carrel and Janeway. In itself this infarction cannot 
be responsible for hypertension, but the x>ersi8tent albuminuria 
in Janeway 8 dogs indicates that it may be responsible for the 
development of a true nephritis which, of course, adds to the 
factor of diminution of functional area that of altered function. 
Similarly in the extirpation experiments, the irritation of 
sutures in the pelvis of the kidney, causes occasionally the 
localization of the colon bacillus with infection of the infarcted 
tissue and the development of a pyelonephritis (Sampson and 
Pearcc), which must exert an injurious action on the remaining 
kidney substance, and as time goes on, lead through attempts 
at repair to a more or less chronic lesion. 

I have gone into this matter somewhat critically because, 
although the results of reduction experiments are striking, the 
procedures by which they are obtained are not such as involve 
only a single factor, but bring several forms of kidney injury 
into play; that is, reduction of functional substance and pro- 
ductive, atrophic, and vascular changes accompanied by the 
elimination of albumin and casts. In other words, a chronic 
lesion of the kidney, characterized by hypertension, heart 
hypertrophy, and increased flow of dilute urine is produced, 
and this may be considered as an experimental disease analo- 
gous to certain phases of chronic renal disease in man, but it 
gives us no facts which explain the etiology of the vascular 
disturbances of the latter. The production, however, of hyper- 
tension experimentally is no small gain, and it is to be hoped 
that in future investigations the various factors involved in the 
experimental disea.se may be analyzed and controlled, and that 
the essential etiologj' of experimental renal hypertension 
may be established. 

There is one aspect of these studies which is of considerable 
theoretical importance. Passler and ITeineke state that although 
an increased flow of urine of lowered specific gravity usually 
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xccoiiiptuiies the; experimental licurt hypertrophy, it nmy weur 
in the absence of hypertrophy and hypertension. This would 
indicate that poljuria is independent of increased biood-pres- 
siire. and is of interest in connection with Lofb's hypothesis of 
the iutlueuce of a glomerular reflex in the production of hyper- 
tension. This is based on the frequeney with which hyperten- 
sion in man is accompanied by glomeniiar lesions (Schmidt), 
Rud on the physiological law that the functional power of the 
idney depends on the rale of tilood-flow through the glomeru- 
lioeb aasunies that with greatly increased capillary ri-sist- 
i within the diseased glomerulus, the increase of How due 
p loftal vattudilatatiou is insufficient fur the needii of the kidney, 
md that the glomerulus sends a call tieyond the local vasomotor 
which, reaching the cerebrospinal ccntren. causes a 
sfiei splauchuie vasocoustrietion and thus iiicn^«se» the gen- 
I blood-pressure so that a normal tluw through the altered 
lomerulns n-sults. This hypothesis might well be applied to 
plain the results of reduction experiments. The demands 
'. water elimination on the greatly reduced number of glo- 
TiU in the peraisting kidney fragment might readily excite 
I pcrtex splanchnic constriction to aid in the proper eliminalton 
[ wolKr. Thus would t)e explained the increased blood-pres- 
ire, and by its continuance the eventual heart hypertrophy. 
This attractive hypothesis cannot at present receive support 
from reduction experiments if polyuria without increuwd 
blood-preaaure, aa observed by Paasler and Heiueke, is found to 
Ih^ a fre<iuent condition. Their eKp<-riments. however, were 
made on a comparatively small number of animals, iind the 
inveatigalion of this hypothesis should be an important phase 
r future ntudies of the reduction of kidney subNtancc. 
Aa all forms of experimental reduction of kidney substance 
t cbaracterixed by lotw of glomenili and by cither incrcsaed 
i-pre.i8ure or polyuria, or both, and frequently hy heart 
lertrophy; and. on the other hand, us hypertension does not 
■ in the prcxenee of a nonnni s|ilanchnic circulation, it 
luld seem possible, by properly planned reduction experi- 
mts. either to disprove or to establish Ijoeb*8 hypothesis and 



58 HARVEY SOCIETY 

thus to clarify to some extent the at present confusmg theoriM 
of hypertension in nephritis. 

Several other aspects of this phase of renal diaturbanee 
might be discussed, as the influence of a possible internal 
secretion of the kidney on blood-pressure and the matter of the 
presence of blood-pressure-raising substances in the aenim of 
nephritis ; but to such problems the study of the acute forma of 
experimental nephritis has little application, and the results 
of the study of experimental chronic lesions, thus far obtained, 
are either contradictory or entirely negative. 

In concluding this presentation, I admit that I have neg- 
lected several important phases of experimental renal pathology 
and have treated others in a more or less incomplete way. Sueh 
omissions have been intentional, as I have preferred to empha- 
size those problems to which have been applied methods whieh 
offer a functional conception of disturbance in nephritia, and 
which tend to distinguish l)etween the results of tubular as 
contrasted with glomerular lesions and to show the relation 
of these to some of the more important manifestations of renal 
disease. To such a conception, supplementing the older ana- 
tomical knnwledj^e, w(» must l(X)k for the ultimate solution of 
the problems of nephritis. 
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THE INFLUENCE OF SENSORY IMPRES- 
SIONS ON SCIENTIFIC DEDUCTIONS* 

PROF. OTTO COHNHEIH 
University of Hei del berg;, (iennany 

PSVCHOLOGY aud Philosophy teach that the only means 
of ussoeialion between the mind and the world surround- 
ing it lies in the sensory nivans which carry sPnaatioRs fmm 
the external world to the hraiu. We arrive at our knowledge, 
real or aietiiaied. of the tbin^ around iis through our seiisa- 
tions, and we can never be free of these, sinee they depend on 
actual definite stnietures. the sensory organs. 

Optical and othc^r sensory illusions may be easily produced; 
they have been carefully studied by physiologists and p^cholo- 
gista. and readily admit of laborntory demoustration. But, on 
the other hand, in the course of xcientitie investigation it may 
easily happen that In our deduetions we may be deceived by 
illusions and be led by onr si^nsalions along a false path. 

I will not discuss the philosophieal questions connected with 
the property of sensation, bill will give siinie of my own ex|>en- 
I T Mices, bringing out facta overlooked by earlier investigators 
^Blrho were led astray by sensations wrongly interpreted. 
^P If the question is asked what foods are easily digested and 
' 'vbat foods are not, the answer usually given is that carbo- 
hydrates, line bread, sugar, and finely divided meat are easily 
digested, while fats, fat meat, and meat taken in large pieces 
are not. Why this answer! We sll know ihiit the chief seat of 
digestion, the most important organ of the alimt^ntary canal, 
in the small intestine. Stimuli which lomc from the wall or 
the inner surface of tJie duodenum and the upper jejunum 
provoke or check the opening and closing of the pylorus ami 
the movement and secretion of the stomach. They also provoke 
the secrettoa of bile and pancreatic juice. 

-Deli^wdDec. 4, 1909. ' 
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The greater bulk of the food taken is digested aiul absorbed 
in the small intestine. Hence it should follow tlint an cosU? 
digestible food is the one which is quickly digested in tho small 
intestine, with the minimal amount of work. We usually find, 
however, that in recommending a food as easily digestible, the 
chief importance is laid on the quickness with which it leaves 
the stomach. That this is incorrect I have shown by tlie fol- 
lowing experiment: A dog with a cannula in the upper duo- 
denum was fed on meat in large pieces at one time and fintdy 
chopped at another. The finely chopped meat left the stomach 
in a much shorter time than the large pieces, which were held 
back by the pylorus. Thus the time required for the empty- 
ing of the stomach of 50 dm. of meat was one hour and thirty- 
five minutes when taken finely chopped and two honra and 
thirty-one minutes when taken in largo pieces. But n study 
of the composition of the chyme passing through the pylorus 
in each instance showed that the chopped meat had undergone 
much less solution and digestion in the stomach \hau the meat 
in lai^ pieces. The latter was converted almost completely 
into peptone, and one-fifth had been absorbed before leaving the 
stomach. Of the chopped meat 40 per cent, had not been dis- 
solved by the pepsin. In both meats there was 1.9 Gm. nitro- 
gen. In the chopped meat 0.8 Gm. nitrogen needed further 
digestion, as opposed to 0.13 Gm. nitrogen in the meat in large 
pieces. This shows, then, that meat in large pieces requires 
more work on the part of the stomach than the chopped meat, 
but that the latter requires more work on the part of the intes- 
tine. So far as total work in thes«^ two instances is concerned, 
we arc ignorant. 

Bread is also classed as an easily digestible substance, but 
while it leaves the stomach quickly it demands much further 
work on the part of the intestine and digestive glands before it 
is prepared for absorption. According to common opinion, 
bread, just as finely chopped meat, is an easily digested aub- 
stance because it leaves the stomach quickly. Tn support of 
this opinion there is only the absence of a sensation of fnlneas. 
a sensation which comes from the itt^imflch, but not from tha 
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iiilestine. It has been demonstrated lately by M^ltzer that r 
uervoiis connection, by means of which impulses pass in a 
■■(■nlripel«l direction, lhnl is, from the periphery to the central 
nervous Hystem, exists between the intestine and the brain and 
spinal cord. But only severe pain can be conducted along thPsc 
icirim-clions. As a rule, neither in health nor disease do we 
have sensations coninff from the small intestine. We do, how- 
I vcr, have a consciousness of sensations coming fnira the 
-.ii»mach or a slight feeling of pressnre and fulness after eating. 
' Ik'hc sensations an* not so distinct as thmse coming; from the 
>'-, the ear, or the skin. But the less distinct they are, the 
Lieatcr perhaps is their inBiicnce upon ns. and they are 
iiiidoubtcdly risponsible for thi^ iieneral belief that an easily 
iligeatible food is one which leaves the stomach quickly. 

The real work of the di^stive organs has not been consid- 
^fa«t], and the sensations, comine: exclusively from the stomach. 
BIk aiTord the explanation of why diagnostic work in digestive 
Bitturbsncee is sn apt to be confined to a consideration of the 
Htate of the stomach only, little or no attention being paid to 
Hke small intestine. 

H During tlif past thrw years I have carried out a series of 
Kxperiments on dogs with the idea of inducing pathological 
Houditions in the stomach. I have had Ihe advantage of the 
HWlaboration of Prof. Krehl in tiiis work, and we began with 
■w purpose of studj-ing the experimental pathology of the ali- 
Bbentary canal, a subject almost completely neglected hereto- 
Bl>'^' ^^ u.Hcd for our experiments dogs with cannulas in the 
BloniB'.'h and in the duodenum, .Such dogs live for many months 
Kr e.fen for years in a benllhy condition. The cannula in the 
nuodenum is arranged so that if its mouth be closed food passes 
■Arough (be intestine in the usual way. If the mouth is open 
nil food coming through the pylorus passes out ibrongh the 
Bvinula and can be collected, measured, and studi^-d. Further, 
Holulious cnu be injected thmugb the cannula into the duo- 
Benum and upper intestine. In order to complete our experi- 
^■Dits we bnve found it nlwn.vs neccssnr.v to reinji-ct some of 
^Bw fluid CKCaping Ihrou^rh the duodenal cannula back into the 
^fcpdenam. If this vt not done, all rtimuli. which brinit on or 
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check movemeut and secretion in the stomach or sccretioo 
the ferments in the intestine, are absent. These experuneDtf 
are difficult for the investigator, but I believe that digestion 
goes on under normal conditions. It is possible by meaua of 
such duodenal fistula' to obtain the whole or sbsolnle quantity 
of the secreted gastric juice, and not only the conpentration aa 
in the Pawlow so-called " little stomach." And it is also pos- 
sible to observe the time and manner of the emptying of llwi 
stomach as well as, and in some cases better than, in Cannon 'a 
excellent experiments with X-rays. 

We studied first the normal digestion of a test breakfast 
and test dinner, such as are usually given to men for diagnuit- 
tic purposes. We found that good results eonld Iih ohtAined 
after either of these; much better, in fact, than we had expeet«d 
from a paper recently published by Greutxner and other 
authors, and I think it is even allowable to draw conelusions oo 
the true condition in the stomach from the concentration of the 
contents when these are removed by means of the stomach tube. 
After the test breakfa-st the dog, and as far an we can judge this 
applies equally to men. secretes 150 e.c. of gastric juice and 
more than 250 c.c. of bile and pancreatic juice. The totaJ 
acidity and free hydrochloric acid show the same valued obtaiD- 
ing for man. 

After the test dinner, meat, soup, and mashed potatoes, the 
stomach secreted 700-800 c.c. of gastric juice and there were 
obtained about 500 c.c. of bile and pancreatic juice. The cwi- 
centration of stomach contents was 78-98 total acidity. 

We next attempted to produce various pathological Btatoa 
by injuring the stomach, expecting to get such conditions aa an 
acute catarrh. To our surprise, we were unable to do this, in 
spite of severe injury to the stomach. For example, we have 
filled the stomach with ice-cold ammonia solution of 10 per 
cent, strength, or with wBt#r heated to SS-fiO" C. (120-140° P.). 
These methods indeed induce marked disturbances in the 
animal's condition, such its loss of appetite, weakness, and 
vomiting, the vomitiis containing blood; but these are of short 
duration. Itecovery quickly takes place and the stomach diges- 
tion is then found to be normal, or almost so, Sueh experiments 
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liiive also l)epu recorded by Pawlow ami one of his pupils who, 
sludyiiig the " little stomach," found very little change in 
either the concentration or time of seeivtion. 

With our method, which gives the abctolute f|uaotitiejt as well 
HH the conwtitration of the oonteutJi of the stomach at a given 
iiiiie. we could ace no change not to be explained by experimental 
rrnr. We were surprised by this ereat resistance of the 
-iimacb to injuries, and turned our attention to the iimall intes- 
iitie. We injei-tcd strong salt solutions through the cannula 
into the intestine; the solutioos of course did not enter the 
stomach. One solution contained 4 per cent. SIgSO,. the other 
4 per cent. NaCI. Following the injection (IiMrrhoe« occurred 
as we had anticipated, hul in addition to this the stomach, with 
which the solution did not come in contact, was also ofTected. 
DurioK the dlarrhtpa and for some time after it the emptyine 
of th« fttomach was stopped, or at least became much slower, 
lender normal conditions, after the test brcaltfast the stomach 
miptici) in one and one-half hours; after the test dinner in 
three to three and one-half hours. In both inntflnces Ihe 
ityinu begins within ten to twelve niiiintes nfter the meal is 
taken. When the intestine was injured by in.iection of the sail 
solution the emptying of the stomach began in from one to two 
hours after eating and was completed in two and one-half 
hours after the test breakfast and in from six In seven hours 
after the test dinner. Further, the gastrie secrt-Hon. a.s well, 
affected. After the injection of the MgSO, there occurred 
mg hyperacidity : after the XaCI injection, a hypo-acidity, 
n the fin»t table tielow are seen the absolute values for Ihe 
(lion in the atomach nnder normal conditions and after the 
injections. Tlie dog was given one-half a test dinner and a 
breakfast. Tlie Rgureti represent an average. 



Tnde 

■ttipt: 



Breakfast .. 
Dinner (1). 



ien in seen here an increaaed luantity after MgSO. and a 
»ed quantity after NaCl. Tn the second table is given 
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the concentration of the contents of the stomach, the total 
acidity, and the free hydrochloric acid after a test breakfast 
The fif^ures represent averages taken from nine experiments. 

Normal Mg80« NaCI 

Breakfast T.A. 64 85 35 

HCl 26 51 8 

This shows that we can induce a hyper- or hypo-acidity with 
a retardation of the emptying of the stomach by bringing* about 
an abnormal condition in the intestine. We have proved this 
view by a series of experiments on a dog with both a gastric 
and a duodenal fistula. We have given a test breakfast and then 
injected hydrochloric acid into the duodenum either in the 
concentration and quantity present in the stomach contents 
under normal conditions or else in greater concentration or 
jrreater quantities than normal, and, further, we have injected 
instead of the hydrochloric acid more concentrated acetic acid, 
which is a weaker acid than hydrochloric acid. We found that 
both acid injections provoked a closure of the pylorus and a 
retardation of the emptying of the stomach, but, in addition 
to this, hydrochloric acid when given in gn.»ater concentration 
or in large quantities produces a hypo-acidity. Acetic acid, 
on the other hand, i)roduce8 a hyperacidity. In cases of hyper- 
acidity in the stomach a large (luantity of hydrochloric acid 
enters the intestine and the hypo-acidity resulting indirectly 
from this may l)e considered in the nature of a compensation. 
A<^etic acid occurs from bacterial growth in the intestine, and 
if the amount of bacteria increases markedly, as in some patho- 
logical conditions, ac(>tic acid must increase also and this will 
result in an increas(»d amount of hydrochloric acid found in 
th(» stcmiach. 

We draw the conclusions from these experiments that gastric 
disturbances, such as difficulty in emptying the stomach, retar- 
dation of digestion, and the secretion of either too much or too 
little acid, can be produc<»d, and probably are produced, indi- 
rectly from the intestine* and that they cannot l)o produced in 
the stomach itself by changes confined to the stomach alone. 
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And if we stady the anatomicul and physio] ogiual arrangemeDt 
of the KliiiKtiUiry vtuml wc iiiHy expct^'l thnt the Hctiial seat of 
moHt of it« disturhaneu) will he ia the intestiue. I tliink thtit 
It IK the capability of experiencint; sensatioim coming from the 
''tt'iiinch and (lu- absence of sui-h fi-elliigs coraiDg from the intes- 
liiie that explains why moat work im the alimentary canal, not 
Kiily in diagnosis, lint along lines of investigation, has been 
so larp-Iy liniiled to llie stomiicrh. Our senttations have deceived 
uf) and have letl-iis to believe that the seat of disease ia in 
the stomach, whereas in all probability it is in the intestine. 
Huch vague but yet disturhini; sensations coming fmni the 
^nlimentary eanal are. I think, chiefly responsible for the spread 
HU VKgetarianixm and other erusadis u|;ainst the use of meat. 
^P For many years jVmericana have pointed with pride to the 
^^haracter and qiinlity of the food used by their working classes, 
and lo its richness in proteid. And now a new school has 
arisen here which insists that the whole idea of the nutrition 
of man must 1h> ''hanged, I know that this movement has benn 
a popular one and that it has many enthusiastic followeni not 
only in this coiinlrj' but in Enmpe as well. And I believe that 
physiological phenomena aa well as sensations lie at the bottom 
of it. A man doing hard muFU-tilar work needs enough food to 
furnish 4fMXI calories. Such muscular work has been per- 
formed in past times by men occu|)ied In agricultural pursuits 
or in other manual labor. With the development of civilization, 
and the improvejnents in manufacturing processes, machinery 
has replaced the human muscle to a larife esclpnt. and the work- 
man of to-diiy makes mui'h less demand on his own muscles 
than was the case with his ancestors. Tbia means, of course, 
Hftat thtr fuel value rci|uircmentM of his twni have been lessened 
^^■rrespondingly. The tttod of former times, both in this conn- 
^H^ and in Europe, consisted muiiiiy of bread. potutit-N. corn, 
and other vegetables. Such a diet was used by peasants fop 
i-entnries. The proteid content ia small in this vegetable diet. 
but the content of carbohydrate is large and the fuel valu» 
It M too high, in fact, for proent-day neeibt, udIchs 
1 mutealar work is done. The vegetable food baa been cui 
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down therefore to a small amount and instead of bread, oom, 
and potatoes, the chief articles of diet are derived from the 
animal kingdom and consist largely of meat and dairy producta. 
I give here two tables which demonstrate the differences. 

100 Gm. Bread 320 calories 

100 Gm. Corn 316 calorieH 

100 Gm. Rice 336 calories 

100 Gm. Meat 118 ealoriew 

100 Gm. Milk 65 calories 

In the second table are given the fuel values for 100 Gm. 
proteid : 

Bread 4700 calories 

Potato 5000 calories 

Com 4100 calories 

Rice 5600 calories 

Meat 500 calories 

Milk 2070 calories 

We see that there has occurred a natural evolution in diet, 
that bread and vejretables have been supplanted by meat. This 
evolution has been most rapid and noticeable in those indi- 
viduals who do the least muscular work, that is, professional 
people and merchants. 

But this evolution may be a dangerous one. Bread, corn, and 
rice yield cellulose, meat and dairy products do not. These 
latter are dissolved to a large extent in the stomach, and reach 
the intestine as liquids. Bread and corn, on the other hand. 
[)ass into the intestine as a thick pulp, or paste, which contains 
a considerable amount of unchanged food. Bayliss and 
Starling, Cannon and Magnus have shown that liquids pass 
along the intestine by rhythmic intestinal segmentations and 
do not set up [)eristaltic waves. Solid matter only acts as a 
stimulus for peri.staltic reflexes, and hence in the absence of 
solids no peri.stalsis oc<*urs. The application of this is that on 
an animal diet, rich in meat and dairy products, poor in vege- 
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tables and therefore poor in cellulose, but little intestinal 

, {wristuLiti;) is brought about, it is on tliis uecouut that a diet 

Leoutaiaing much proteid and smaJl amounts of \i;gelables leads 

■to constipation, the harmful ioHueDce of which uu health and 

Vdispoaition is su well recognized. It is not of course the meal 

itself which causes the constipation. The undertj'iug cause is 

the same which Is responsible for the occurrence of meat in the 

diet. Vegetarians and advocates of s meat-free diet fail U* 

appreciate the true connection between constipation and diet, 

but they experience and see thftt others experience digestive 

disturbances if but little muscular work is done and the preaent- 

^w day diet employed. And they are aware that in former times, 

^^kvhen hard work and a vegetable diet were the rule, such diges- 

^^ptive disturbances were absent. Instead of realizing that it is the 

lauk of muscular work which is responsible they ascribe the 

trouble to meat, and accordingly recommend its withdrawal 

from the diet, 

» Those who do little muscular work and eat little meat can- 
Dot live exclusively on bread, com. or potatoes, because to 
obtain the required amount of protfid the number of calories 
in the food is far too great. Twenty-two hundred calories, 
suitable for a man not dmng muscular work, can be obtained 
from a diet of bread, potatoes, and rice which coatains only 

143 Gm. of proteid. Such a daily proteid standard is even lower 
tlian that advocated by the most enthuxiastic followers of 
treget&rianisni. So, to obtain the necessary quantity of proteid, 
Tegetarians must eat food-stulTs which are poorer in Kvailable 
s&rbohyd rates, such as fruits, spinach, etc. These food-stuffs 
♦re rich in cellulose and contain therefore the remedy against 
digestive disturbancfs. It is not neceaaary to do without meat, 
since the same results may be obtained by combining it with 
fruits, etc. As a proof of the correctness of Ihair idea, vege- 

■tarians and advocates of a lower pnttcid diet point to those 
•thietes. students trsininf; for foot-hall or rowing, who per- 
form hard muscular work on a diet containing no meat without 
losing in any way their strength or endurance. This is a mis- 
take: for a pcreon doing severe muaeular work requires 4000- 
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5000 oftlories ur nioru, and heoce he can do without meat and 
yet obtain the required amouat of proteids. But it is quite 
different in the case of those who lead a sedentary life and 
have neither time nor iudinutioii for athletira. Suf-h persona 
experience digestive disturbances with their ordinary diet and 
these unpleasant sensiitions furni the rout of the ideas of vege- 
tarianiHrn and a low proteid diet. 

In the ease of meat we have a further eiample of the coq- 
nection between our nncoiiseiouti feeling; and scientific ideals 
and scientific error. Most individuals like the taste of meat and 
prefer it on that acet>unt to bread and vegetables. The tasto ol 
meat is due to the extractive substances, the meat extract. These 
substances provoke throiiii;h their tuste a payohic sucrvtion of 
gastric juice, and Pawlow has shuwn that even without the 
taste the meat extract stimulates gastric secretion through a 
hormone formed in the mucous membrane of the pyloric end 
of the stomach. Meat extract then produces gastric secretion 
in boUi of these ways and hence facilitates digestion even in 
those without appetite. 

We know to-day that the reaction of tissue, blood, and l>*mph 
is almost strictly neutral and that the human body is providtNi 
with a number of means to maintain this neutral reaction which 
seems U) be necessary for the normal function of most enzymos. 
During metabolism acids an- fonned in considerable amount; 
bases to a small extent. In muscular work which passes beyond 
physiological limits and demands greater supply of oxygen 
than is furnished, there is formed lactic acid and it aeenw, 
according to Zuntz. that the rexulting fatigue is due tt) th* 
formation of organic acids. Fatigue upaets the e<iuilibnum 
of the reaction of the blood and tissues ttiward the acid side 
and every process, therefon-, which tends to lessen acidity must 
be helpfid in removing fatigue. In the stomach hydrochloric 
acid is formed from the ncutnil bt<>od fmn which it withdraws 
aoid ions, and this process tends to move the equilibrium toward 
the alkaline side. For this reason gastric secretion may be 
preventative r>t fatigue or the feeling of fntig>ie. Those guh- 
atances which incite gastric secretion must also lessen or remove 
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fatigiu', tuid 1 b«liovu tluit this lutsuuiptioii \a what led Liubig 
to the idea that tnest extract gives more Htreitgth tuiit vigor to 
the body. Now wi* know thai llii* fuel vaiiic of meal extract is 
very luiiall, but yet we rHcoiaiueud it because it iinpnives diges- 
tion, even though the appetite is lacking, anil leMHenit the feel- 
iDg uf fatigue. 

Another iiiBtance iu which our serisatious have probably 
given rise to t»cientitic error and in which I have had some 
sxpcrience is tlie increase in t)i« numlier of red blood-corpitscW 
at high altitudes, it was finit pointed out by French physiolo- 
gists in 188:{ and later lh<>n>iighly investiguted by Miescher 
that At &n altitude of 6(>00 feet the number uf red b1>H)d-cella 
per cm. ia 8,U00,0tK), as compared with 5,<WK).0(K) at sea level. 
Such an increase suggests at one<^. us a probable explanation, an 
iticreaHe in the concentration of the blotHi. and this int^reased 
eoDcentratiou does octiir at an altitude of alKW feel or more. 
Abdorhalden. studying rabbits ttnd rata, hus observed that the 
concentration of the blood ia greater at St. Moritz, 6000 feet in 
altitude, than in Basel. 7(K) fei'l, but tliHt the absolute niunbtr 
of red bIood-(*i>rpm*cl«( and amount of ha'mogiobin are not at 
all changed. 

As a result of work which I did last summer in the Monte 
Rosa laboratory 1 am aMe to give Home explanation for thia 
increased concentration and for the marked differences in the 
results obtained by different investigators. In high nltitudejr 
the air is drj- and cold and the output of water through the 
Borface of the lungs, which is a merely phyKie4il pnK-css. must 
be a great one. In addition, the water will be vaporized more 
easily and more quickly hecHuse the bartimetric pressure is 
lower than at sea level. 

The loss of water by respiration at high altitude« i« much 
greater than at sea level. We observed lasd Kummer at IleideU 
bei^, which is practically at sea level, that a man loses 200- 
300 c.p. of water during a night's ulcr-p. provided no Ioms oeeun 
by ponpimtion through the skin. At 10.000 feet altitude ho 
from 500 to 700 c.e. during the night; at 15.000 fpct perr- 
lupa more, but other factors enter here. This Itws of water 
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iinm-iisej* the uoin-eiilruHoii of the blooil anil tin- number of 
red bloud-{;eIl3 rists. Dut this holds true only for small imimals, 
Hitch as the rabbit, (;iiinea-pig, and heu. lii these auimalK, 
uecurdiii^ to mutheiuatical culculatiou, the hotly surface com- 
pared to lM>dy weight is relatively great, greater than is the 
ease in ammala of large size, such as man or the horse. !f the 
body produces heat by food combustion and museular work 
the smaller animal can easily rid itself of this heat by means 
of its large surface; the large animal finds difficulty in giving 
off the excess of heat and it has therefore special arrangements 
for bringing about heat output. It vaporizes water and becomes 
eoid through thi' ooUlness of vapoHwition. Dogs perspire bj- 
meana of the lunpt and the surfaee of the mouth and tongue; 
men and horses through the skin. The human body is adapted 
therefore for the loss of water. If the body, and that mearui 
the blood surrounding the sweat-glands, loses water, this water 
18 replflced by that coming from water-reservoirs in the moscle. 
probably in the connective tissue of the muscle. In the rat and 
rabbit such water- reservoirs are absent or not developed, and 
so the loss of water produces concentration of the blood. In 
man. most of the loss of water is compensated and the eoncen- 
- tration of the blood either does not rise, or it ris&s in small 
amount or the concentration may vary at short intervala. 

I ask now why these processes relatively so simple lay for 
such a long time in darknein. 1 think the reason is that moiit 
investigators have studied only the n'lalions of gaseous ex- 
change in the lungs and in the body, and the oxygen supply, 
and have tried to show that the oxygen was deficient in both aiP 
and body. They did ho beraiise they knew that in high alti- 
tudes the respiration was difficult, that d.VHpnU'a occurred, but 
most of this dyspnti-a was produced by fatigue, by the hard 
work of cJimbing, unusual for physiologtBts coming directly 
from the laboratory. In an altitude of IS.OOO feet it seems that 
the oxygen supply is not efficient, or at least not for all men. 
and the stndy of oxygen consumption is justified, but at 6000 
feet and even at 10.000 feet no evidence is brought forward of 
the Iwk of oxygen, nr the lack of carbonic aeid. assiuncd by 
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M088O, sad it is at these heights that ihp inureHse in red blood- 
corpuflclra liiu been must studied and is most evident. That 
most phyuiuIof^istH huv^ Iriod lo lind h grreater metabolism at 
these altitudes and bav<^ iried to cutuii'et it with the increase in 
bluod-curpusclfs and witb the eontvutration of blood, can be 
explained eaxily by thi- m-nimtioN of diffii-ult respiration. Their 
Bensatiuns have led tbem along a fal^ nay and have prevented 
them from puinlinj; out tbir true reasonH of thi- coin-en I ration. 

! think that we ean find many more OHited of the asaoeiation 
between our sensations. eHpecially if vutnie. unuJtUBl f«ensations 
and twientitie dedut^tiontf, but I will eitf only two examples, the 
one having to do with the spinal e»rd and tbp irentrai nervunn 
system, nami'ly, the assoeiatjon l>etween reflenea and voluntary 
movements. In the lower animaU von Texkiill has estab- 
lisbed tbe fimdamental law that a stimulus, if it finda open 
nnatomie^il pathfl. always [joeM to the stretebed tind relaxetl 
mnscles and eanuot reach the ahortened miut^les. This law 
applies to animals of all claaHes, but it can be demonatrated 
beat in the amis of the starfish. The startish has five arms 
around its centrsl boiiy. The arms are composed of many seg- 
ments, held togefber by joints and Minseles. If I cnt four anna 
and tix the central body and then stimulate thi- central body 
at different places, the arm always moves toward the stimulna. 
But I can change tbe position of the ann str that tbe miuiclea 
nf tbe arm ai-e shortened on the one side and stretched on the 
other side. Then 1 may stimulate here or there and the arm 
move* always toward this direction, upward. If I change 
again the position of the ann. the muscles are stretched here 
and shortened on the other side, and now the arm moves again 
in the upward din-ction fi>r the i>p[KMile side of the muscles is 
now ahortened. 

According to von UcxkuU the rh\lhm!enl movements of 
many or moiiit nf the lower auimals are governed by thia law. 
Then you see that by this law the movement in one direction is 
a reason itwlf for the movement toward tbe opposite direction, 
etc. The sttirfiMh moves by the ftwingini; movements of ita 
arms. 
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The law holds ^ixl also for the rliythmi<;a] iiiovemeute of 
I lie h™rt. In Ihe syslolf Ihi^ miisck's of tin- heart or the 
nervous s.vstem governing the iniisclt^s of the heart cannot be 
reached by any atimulus: this is i<,alli>d the refractory phase. 
Then the unatimulnted heart relaxes, the miLselen are no longer 
I eoiitraeteil. the heart in in ilia.stole and now its nervons system 
is open to xtiinuli and a new cyek< of the heart-beat can begin. 
Ky von L'exkiiU'K law the eontiniions stiinuhm is dianged into 
fl rhythmical movement. 

The law holds i^txvd also for the centre of respiration where 
Ihe continnons stimiilns of venons blmid is chan^d into tht> 
rhythmical movements of the respiratory mnscles. In the 
tnomcut of in»pi«itioii only Ihe cx[iiratory mnscles are sns- 
ceptible to stimulalion and in thf moment of expiration only 
Ihe inspirator^' muscles can Iw nflfeeted by Ihe stimulus coming 
from the main eentn' in the medulla. 

A very important qupstion to be decided concerning onr 
kniiwlcdt;e of ihe spinal cord in itn as-stx-iation with muscles 
was whether von UexkiiU's law applies also Ut the innervation 
of the voluntary muscles of ihc IwKly, of the head, arm, and leg. 
The answer to this ipiestion. involving the whole innervation 
of volimtary muscles, was in doubt for a loug time, for the 
reason that all men. including physiologists, were led by the 
ftH'ling Ihat we can voluntarily completely innervate our 
muwles. As a student at Ijeipzig. I heard Ludwig deliver his 
leetures on PhysioloKy, Tie lAu^ht that we must distinguish 
sharply l>el»een the muscles which produce re.ipirator>' move- 
menta or swallowing and those which move our arms. legs, op 
tongue. The first he held was a reflex, the second a voluntary 
movement, in which we can innervate any muscle according to 
our will. There can be no doubt of the correctness of the first 
point. If the sensory area in the root of the tongue is touched, 
the swallowing reflex liegins. and we ean neither atop it nor 
voluntarily induce any movement in the muscles of the pharynx 
or the striped muscles of the cesophagus. The second point that 
we c»n at will innervate any masele whatsoever is in accordance 
with the general opinion, because it is based on the feeliof; that 
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we have complete control of our arms iint] legs. This feeling 
M, at the bottom, tbc cotisciouiinesN of oiiitielves. But is it 
warraotetl, or arp we airaiu lifwivetl by imr seiiMilions T 

The scat of consctuuaness. and therefore the seat of innerva- 
tion, which provokes volnntnrj' muvements. ia tlie brain. The 
movements of higher animals, espw-ially the dog and cat, in 
which the brain has lieen remoi-ed, or thi" spinal cord cut. have 
been studied reeentl.v by Sherrington. lie found that dogs 
whose brains bad beeo removed still move the muaclea of the 
legs in the.Kame manner as those which can send impressiontt 
from the brain to the spinal cord. If a motor nerve l>e atimu- 
lated the mnsele responds with a (-nntractiou which variiw 
according to the strength and duration nf the atimnlation. But 
if a sensory nerve, or a sensory nerve end. for instance a aen- 
sory organ in the akin, be stimulated, there does not occur a 
simple L-ontraetion of a single muaele, but a reHes complex 
movement which includes a lessened tension of w<me muaclea 
and an increased tension of others and a shortening or tme 
contraction of others. 

By varying the stimidi and by changing the place or 
strength of stimulation, other different reHeses can be pro- 
duced, different in the involvement of aKsot-iati-d miiHeJes. in 
the strength and duration of movement. But tlrst we do not 
find a close relationship belwe«ti stimuli and efTecta. and sec- 
ondly we do not obtain an indefinite niunber of movementa, hnt 
only a limited number of eo-ordinated rrtlexes. If. for instanw, 
the skin on one side of the nbdomen of » dog is touched, the 
leg moves in such a manner that nil three joints are flexed, 
and a series of short rhythmic mowmenls beiiiriK :thf wratcb 
reflex). If we touch the akin of a foot, either the whole leg 
will be extended in all its joints, or the hip is fiexed and the 
knee and ankle are extended (tttepping or jumping reflex). 
Thus the stimulation of a single sen«or;- ^c^^■e provokes excita- 
tion in a great number of muscles, and touching the skin of thfr 
foot can brine about a complete step involving work of all the 
muscles of both legs. I will give you n scheme of the innerva- 
tion of the reflexes in the spinal eord. The motor nerves arise 
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Sherrington experiments that the stimulus passes to the 
Btretched musctes, and further conclusive evidence of this is 
L brought forward In Magnus'ti recent publications. If the flexor 
■muscles of a leg are shortened, and the extensor muscles relaxed. 
Itlien a stimulus wherever applied atf^'ts the extensor muscle 
land relaxes the flexi>r miLsole. In such roanncr an- the impulses 
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imin^ from the bruin ennverted iiilxi the 
movements of the leg. 

We mait draw the com-lu-tion from Sherrinplon 'st obnerva- 
tions that we have been deceived by the illusion of the free 
volunfarj' movement and the innervation of our muscleii. This 

usion hns been, I think, a fatal one for the physiology of 
■e and muscle. Muscle, motor nerve, nnd the frovemiof! 
UfDtre in the spinal cord fonn a functional unity. So long as 
they are united, so lont; can the muscle be either shortened or 
relaxed or stretched, and it follows from von 1 't-xkiill 's law that 
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nut ■■nlv is llir- [imscle jioveriied l>y Ihe nerve, Imt the nerve 
eentre by the muftcln, siuee the atretchint^ of h iiiiiBele opens n 
path for stimuli to its centre and the shorteniu^ of a ntURcle 
i-los(« th« pMth for thi" uame stimuli. If we separHte the muscle 
from its eentre we mutilate the miisele. In thi' Irtst h«lf century 
much work hnn been devoted to in vest i>;Ht ions of the frog's 
musele. eonneeled with its nerve, hut wparated from the »piuHl 
cord. Sueh must-leH are in a enndition never oceurrinp in life. 
The eU«e eonnec-tion between mufwle and eentre has been neg- 
lected for the reason that the muscle is controlled directly by 
the brain and that the innervation is in the motor nerve carry- 
ing impulHcu only in one dirL'ction, toward the mimele. If h 
stimulus coming from the brain prodnces a simple contraction, 
then the natural impulse could be replaced by an electrical 
stimnluH. This in not true. We realize to-day that all this 
work has been performed on abnormal muaeleH. 

I feel, gcullemen. that nuiiiy of the instances cited to you 
have been of a hypothetical character. It is eertaiu, however, 
that we have illusions, and it is certain that phj-siologiats travel 
often along false ways. That the illusions have been the reason 
for errors and misstatement may not have been proven. But 
if we realize the power of vague Bensations we must believe 
that the cited association in n probable une. The physiology of 
the central nervous systf^m and of thf organs of sense is filled 
with examples of the close connection between the management 
of our sensations and our scientific deductions. And especially 
is this true of the physiology of the brain. It is the merit of 
Kant, a merit we must be grateful to for all time, to have 
pointed out how wo are bound by the limitations of our sensa- 
tions. In studying the physiology of the bruin wo must inves- 
tigate the only tools with which we can make our investigations, 
I have attempted to explain to yon by examples from different 
chapters in physiology that we may l>e independent of our sen- 
sations in any field of physiologj-. We must have sensations 
and we muNt follow them, but we mtwt also \v very cautious 
that they do not lead us in onr scientific deductions along a 
false path. 
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IP a»k(>d to define the function of the kitlnej'. I think tJi* 
most usual answer piveii woiiUi he thnt llie kidney elimi- 
lates from the body the excesK of water and water-soluble waste 
pnnJuL'tji. I would, however, uxk you to repanJ the renal 
function from a rather different stand-imint, and to eonsider 
I the kidney as that orpan whose duty it is to maintain the con- 
I Btitutiou of the blood at a definite normal standard so far ns itn 
I Bolublo eonstiluents of iunall moliH-ular nize are coneenied. 
Thus, in mammalfi it is thi> duty of the kidney to remove as 
far as possible all sulphates, urea, purin Imdieit, ete., from th<> 
1 blood. On the other hand, when dealing with such bodies as 
L the chlorides the kidney must only remove them wh«i an fxiiMs 
I IB present, and must thus maintain the nhlorine content of 
the blood at « delinile standard level. The kidney, thrn, dcjils 
with a water-soluble substanee in the blix>d in one nf three 
I ways: either (a) it does not remove it at all. — r.i/.. proteins 
t and poHiibly dextrose, — or (b) it eliminates it eompletely 
I (urea, sulphates, etc.). or (e) it eliminates it down to a fised 
I point only (ehliiridw, etc.). It is most interesting t" note 
that in aome animals even urea falls within the third cateirory. 
for in the shark the blood nonnally contains as much as 2 |>er 
eent. of urea and only when it exceeds that limit is urea ax- 
cn^ed. Further, we mnst not forget, in this eonneetion, to pay 
attention to the basic constituents of the blood, — Sa. K. Ca. and 
L lig. They too full within this third e«te){ory. 

The more we regard the renal activity from this a«peet the 
I more are we impressed with the wonderful mechanism we are 

• Delivered Dec. 11, IflOfl. 
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studying. With its afciiracy, for over conditions which var>' 
very widely the kidney muintuins the blood eonstitution within 
quite narrow limits; or with lis senKitivem^ss, as illustrated 
in the excretion of water. If water in being absorhed from 
the intestine, the kidnt^y at onee begins ti) secrete vigorously, 
although by chpinical aoalysis we may not be able to detect any 
excess of water in tlie blwwl. Or, again, this sensitiveness 
to minute differences in the constitution of the blood stands out 
in a yet more wonderful manner if we watch the varying 
sodium and potassium excretions. 

Anatomically, we may group the successive portions of the 
renal tubule in four divisions: (1) a capsule enclosing a 
glomerulus; (2) a pair of convoluted tubules, proximal and 
distal ; (3) a loop of Henle, with its descending and ascending 
limbs interposed between the two convoluted tubules; and (4) 
various collecting tubules. We may group the parts in this 
way bccauae of the distinetive Htnictural peculiarities each pre- 
sents. Thus, the convnluti'd tubules are lined by an epithe- 
lium strongly resembling in structure the secretory epithelium 
of many glands. The glomerulus within its capsule and the 
loop of Henle are structures the like of which are not paralleled 
in any other part of the body. 

As soon as the main stniotnral features of the kidney were 
discovered, speculations as to their mode of action were ad- 
vanced. Wc may certainly conclude that we are here dealing 
with three different *ypcs of activitj", the first performed in 
the glomerulus, the second in the convoluted tubides. and the 
third in the loop of Heule. Our problem then is. what are 
lhej*e three different activities T Tou are nil thoroughly famil- 
iar with the two great theories of renal activity propounded 
in 1843—4 as the immediate result of a definite knowledge of 
the chief details of the renal structure, — viz., the Bowman- 
Heidenhaiti theory and the Ludwig theory. These are still the 
two theories universally discussed in considering the renal 
function, though in « form modified from that in which they 
were originally set forth. 

The Bowman-Heidenhain theory considers the whole tubal? 
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I'Uir.v in fiinetion. assigning to the glomemliis the secre- 
iitinn of wat«r and possibly of some salt, and to the tubule the 
Isecn-tion of urea, snltJi. and other iwI'iiIh found in the urine. 
■The liudwie theory has for its central idea the HUKP*stiun that 
■ the glomerulus in u filter thmugh which watj-r and solids are 
removed from thi> blood, the ftltrat* containing these siibHtauees 
in the same concentration as that in which they are pt\it«nt in 
the blfXKl. As this eon rent rati on in very different fn>m Ihat of 
the fluid, the urine, ultimately discharfied from the kidney, thia 
theory neceiwilat<« yH anntber sii)ipo<iitiou. — viz.. that the 
I tubule as a whole or some portion of it reabsorbs. Such real>- 
lorption is ehieHy of the water, but is also of the salta as the 
leed arises. Lastly, it may be that a combination of these two 
' theories may give the correct solution to our problem. Thui*. 
the gloniendus may be a tilter. the con%-oluted tnbides secretory 
stnieturea, and the loop of Ilenle a tube for alHtorplion. This 

I view has one (rreat advantage, — ^it aasigns reasonable functiona 
tti the thn-i- dintinelive Hlnietnrws found in the kidn«y- 
In these theories there is one conjecture which atands apart 
from all the rest, Iieeause it eluimit to explain the setion of 
one stnicture of the tubule from known niechanieo-physica! 
data. I mean, uf etinrse. the view thai the irlouienilua is a 
filter. If this were eatahlisbed Iwyond all c_avil. we ahnuld 
have Kained one Wr step forward in the elucidation of renal 
activity. During recent years a very great deal of evidence 
I )WH been gradually eolleeted lending to throw the jrravwtl dtmbt 
upon this view, and to-night I wish to diseusa all the evidence 
r and ngainKt this theory «f the way in which the glomemlns 
forks, for the theorj' has dominated all diseuMions upon the 
h'tivity of thr kidney a.« a whole. T propose, then, in the first 
^laee. to bring t>efore you the evidenee in favor of the view 
Jiat the glomerulus is a filter; secondly, to critieise that evi- 
Ifieneo and bring forward further observations to prove the 
theory ineorreet. In the laat plaee, I will lay before you a 
w view explaining the peculiar stnicture of the glomerulus, 
r the glomemlns is in very many ways admirably eonstructed 
act aa a filter, and aakas we have au explanaLlgii lAp^iIe 
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of Hupplanting Ibiit ideii wf iiia.v Iw siipu men's minds wiB 
tend to fall back upon that theory wt oirerinB a very pltiusibl^ 
explanation of this curious stmutun-. 

TIIK ULUMBRUI.lfS AS A FILTER 

The chief evidence employed in supporlinK llic (iltr«li 
theory uiay he C4)ui«idirrf<l utidt-r the following lieadiiigM: 

1. Evidence derived from thi- structure of the iilomenilui 
The points we may especially cniphasi/c in this cimnectioi 
are, first, the very thin walls* of the glomenilar tufts, consisting" 
only of II Ihin endothelial cell fonning the cupillary wall and 
Hii e<|UHlly thin epithelial cell covering the loop. The thinner 
the membrane the more readily can Kltration be elTected through 
it. Seeoiidly, the i;h>'i>cniliia is made up of a number of loopn, 
thus greatly increasing the surface, and. of course, rate of 
filtration through a surface varies directly with the extent off 
that surface. In the third plare, Ihe hlood -pressure within 
the _ glomerular loops must be liigh in comparison with i 
blood- pn-ssure usually found in capillarieK. This follows frr 
a eonsidertition of the short leuifth of the arterioles leading t 
the glomeruli and their relatively large diameter; also, froiS 
Ihe fact that when the kidney is actively secreting the blood- 
Mow through it is often found extremely high. Thus, Bareroft 
and Brodie ' recorded rates as high as 2.0 to 2.7 c.c. of blood 
per gramme of kidney substance per min. Burton-Opit): ondj 
Lucas* record rates of 1.5 c,c. per gramme per min. In som 
experiments as yet unpublished, I have on a few occasioni 
found a flow as great as G o.c. per gramme per min. Thif 
high rate of flow is further evidenced by the fact, first pointc 
out by Claude Bernard, that the blood in the renal vein I 
ottvn arlcrini in color, n condition which- is always 
observed when the kidney is thn)wn into activity, in spite c 
the fact that the kidney is then absorbing a very large volumfl 
of oxygen, as Bareroft and I have shown. Yet another anatomi-^ 
eal arrangement leading to a high intraglomenilnr blood-pre*' 
sure is that the efferent glomerular vessel is of smaller diiimetei 
than the afferent, and when we consider all those pointa w 
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I veil couohide that the iilrimeniliis ini|;ht fonii a most efficient 
I filt*r. 

I 2. lift it* next ennHiiler the liiftiioclyiinriiieti iif the ^i'lii^' 
I nttiis. Let lis call the intraglomerular blood-pressure Pg. and 
I the pressure of the tiuid within the eaiwule, i.e.. the capsular 
I prrasupe. Pc. Then, if the f;Uiineruhi!i is a filter, rate of fil- 
[ tratioii will vary with — 

I (a) The magnitude of the pressure difference. Pg — Pc. 
I tb) The \-i«cosity of the Huid to be filtered. 
I (c) The rate of renewal of the tluid at the membrane. 
I (d) The physical constitution of the membrane. I<et m 
|i consider each of theite points one b.v one. 

I Talcing HrHt the variations in the prvwure difference 
I Pg — Po, — i.e., in the availahle tiltration presiire head. — filtra- 
I tion should increase with a rise in the pressure Pg or a fall in 
[the presisure Pe, and uontersely. We ought then to obtain 
I fioiresponding chancres in tlw- urine flow when we vary either 
■ of these two pressures. Talcing first the vnriatious in Pg. we 
I have two eases to eonsider In the first we may study the 
I effects of changes set up in the aortic blociil- pressure without 
[ju'tive ehangej) in the renal vesst-ls, »nd in the seetmd instance 
i wc may study the resnlts brought alwut b.v eonstriction or dila- 
I tation of the afferent gloinerular arteries. In connection with 
I the first-mentioned changes, it has l>een showu that if the 
I aortic pressure r»ll» fwlow ll.V4r» mm. Hg the flow of uriue 
t ceases completely ami that above thin value the How of urine 
I varim directly, broadly s[H-aking, H~ilh the height of tlie aortic 
ipre«mre. Thus. IJolI ' proved that when the aortic pressnre 
i fell in conseiquenee of cardiac inhibition induced by stimulat- 
I ing the peripheral end of the divided vagus, the urine flow 
KceaMKl. and that if the sortie pressure was mude to rise by 
I ligature of a number of large arterieit. the urine flow inerea«ed. 
I Further, Ooll pnivcd that the full of pressure caused by bleed- 
I lug led to a deereaite in urine flow, which returned, however. 
I when the blood wnn reinjected into ihe animsl. Again. Eck- 
ftliard,' Uatirauwitaeh.' and Oriitjaier* coutlnni><I and extendetl 
B Bernard's observation that the fall of blwid-pressure eutised by 
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division of the spinal eorJ iu tlii^ i'er\ical region was followed 
by a cessation of the flow of urine. All these results are in the 
direction required by the filtration theory. 

Let us noxt turn our attention to changes in the glomerular 
prettsure, Pg, caused by ehiujges tal<iug place in the reniil 
vEWK'ls thcmselveK. Max Ilermiann • proved that if the renal 
arter>' wjis elainiied sufficiently to diminish the ontiiow of blood 
from the vein, a diminution in the How of urine at once 
iwcurred. In the siecond place, it is proved that division of 
the renal nerveit leadx to a va.sodilHtHtion of the renal vessels 
and therefore to a rhw of the iutraglonierultir prensure. With 
it there is, m a rule. » rise in the rate of urine flow. Kxcita- 
tion of these nerves or of the splanchnics eauses constriction of 
the vessels and with it a decrease or cessation of urine flow.* 
Exeitation of the spinal cord or of the medulla produces the 
Humc result, and here too the renal vasoconstriction is more 
than suffieient to counterbn lance tJie big rise In aortic preaaure 
caused by the exeitation." If the renal ncrvw* Ik* divided Oil 
the one side previouHly to the excitation, thus preventing the 
eonsIrietioM of the kidney vessels on that side, tlie rise in blood- 
pressure can now act upon that kidney and there is a marked 
increase in urine flow, while that on the other side eeaMea bm 
before. 

But the m»st extensive study of the vascular changes taking 
place during activity of the kidney ha« been carried out by 
tho application of the oncometric method. — i.e., by following 
the volume changes in the organ. The deduetiim is that an in- 
cruaae in the volume of the oi^an means an increase in the 
blood-flow through it, a dilatation of the glomerular vesaels, 
and therefore a rise in the glomerular pri«sure Pg. With- 
out entering into these experimeuta in any detail, it has been 
Khown that there in » general correspondence of increased kidney 
volume accompanying increased secretory activity. This result, 
stated on broad lines, has been further wmfirmed by accurate 
meaMurements of the actual t>I(^>d-flow through the organ 
effected by one or other of the aeveral methods we now pumesa 
for that purpose. 
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Tlipro rpinaios yet one otfapr factor which nmy result in an 
' increase of ('apillfir.v pressure and which lia* bwn suggested 
I as u cause favoring filtration, — viz., plethora."* Experiments 
I have been performed in which this condition was set up by the 
[ injection of blood, of »enim, or of aaliue solntious. They do 
I not, however, give any certain support to the thwry, and we 
[ itf>«d not discusH them further here. 

Iiet ns next turn attention to the second factor we have 
[ to lake into ncronnt when eunsiderln^ the possible pressure 
I head which may exist for utfecting filtration through the 
! glomerulus. This is the intracapsular pressure, Pc. The chief 
1 test of the filtration theory that has been attempted by taking 
[ this into account consists of espcriments in which the ureter 
[ pressure was artificially raised. By such experiments it was 
; first proved that the kidney cells do not poasesa the power of 
I setting lip a secretory pressure head analogous to that otwerved 
] in the case of the saHvar>' gland. It was shown that the maxi- 
f tnuin height to which the kidney could force the urine during 
f Becretinn was one equivalent to a pressure about 40 mm. Hg 
s than the blood- pressure. Also, that if the ureter pre-saure 
I be raised in the first instance to such a height, the flow of 
I tirine eeasea completely." Here again, then, the general result 

I the direction required by the filtration theory. Starling 
I miggested that this minimum pnwsure difference between the 
1 Bortic and ureter pressures was exactly the difference required 
I by the osmotic theor\' of solutions to effect the separation of 
I the proteins from the remaining constituents of the blood 
I plasma. 

The nest character we have to mention is the vicosity of the 

[ fluid to be filtered, since the less viscous a fluid is the more 

' readily will it filter. It is known that the iujeetion of a salt 

aulution. for instance, n-sults in a %'ery definite dilation of the 

blood, — i.f., the blood becoroen hydnpmic, and concomitantly 

there is a free flow of urine. Hence the suggestion has been 

I made that the hydnemia was one of the causes in operation pro- 

\ ducing the diurmis. 

Is the sext fiUu», it is i^viwi» Uul Uw lAte of renewal of 
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the blood at the filterintr membmaf will ulso huve a direct in- 
fluence upon the rate of filtration, and, as we have seen, a 
diuresis is usually necompaiiied by an increased How of blood. 
In this connection the experiiiumts in whiirh the reonl vein is 
partially or completely oeuluded are of direct bearing. The 
result is a diminution of urine flow more or less in proportion 
to the blocking of the venous outflow." Ludwig explained this 
as meaning that the venous obstruction mechanically com- 
pressed the tubules and therefore restricted the outflow and 
impeded filtration, lleidenhain. however, referred it to the 
restricted flow through the srlomerular aud other capillaries 
whieh led to a proportional decrease in urine secretion. 

CRITICISU OF TnB PILTR-^TION THEOBY 

Prom ihe above considerations we ace there undoubtedly 
exists a gi-ncral relationship between urine flow aud the various 
fiictors which would favor filtnition at the glomerular surface. 
But before we can accept the theory we must subject it to a far 
Ktrict«r examination than that we have just applied. It is 
essential to show that urine flow strictly follows changes in the 
different factors which would favor or disfavor filtration. As 
toon us we put the view thus strictly to the test, it fails us in all 
directions. 

Let us take the several points seriatim and first consider 
variations in the glomerular blood- pressun;. According to the 
theory, with every rise in this pressure there should result an 
increased How of urine, but it has been abundantly proved that 
this is not the case. I have frequently oliser^'cd a high blood- 
preasure with a frw flow of blood thntugh the kidney, thus 
showing that the renal vessela were not constricted, and yet 
there was no flow oF urine. In some of these experiments I 
have further found a free flow of urine to follow the injection 
of a diuretic without any further rise in blood-pressure and 
without any increase in the blood-flow. Filtration cannot pos- 
sibly explain such results as them.'. Further ^idvnce ia also 
available from oncometric experiments. While there is a gen- 
eral correlation of increase in kidney votiune aud increase in 
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urine flow, there is iio strii-t piiralk-liHin. The height of diu- 
TKniM pnictienlly never coineiiltM with the majciitiura dilatation 
of the kidoey.'" This result 1 can abuadiuitly confirm from my 
own experiments. 1 must point out to«) thAt the oncometric 
method is not a thorouchly safe one for deciding upon vascular 
eUangnt within the kidney. Thus, I have uiton five occasions 
observed the following effects to follow the injection of a 
(Iruretic, — viz., a free ^»w of nrin«. an inereasf! in the vohune 
of the kidney, bnt a decrease in the blood-flow through the 
kidney. An increase in vulume of the kidney must not be taken 
necessarily to indicate a dilatation of the renal vessels and 
an iucrvnsed bloo<l-supp)y. For it may also mean an accumu- 
lation of urine within the tubules, n fact abundantly proved by 
niic^roKcopic examination of kidnoys exciwd at the hei^fht of a 
diuresis. Hence the value of a plethysmt)grain of the kidney 
Bfl an indicator of the vaseular chancres is seriously discounted. 
«(peoi«Ily so since many experimenters remove the capsule of 
the kidney before placing it in the plethysmograph. a procedure 
whieh only eompliciitea mHllers and makes such experiments 
of a purely atinormal type. I'nforlnnately, experimenters do 
not, as a rule, state whether or no it is their usual practice to 
remove the capsule. In any case oncometric experiments dis- 
tinctly disfavor the fillratinn tlu-ory, and the same result is 
arrived at whtn we tiirn to experimenta in which the actual 
blood-flow through the organ is meH»ured. It is true that the 
majority of such experiments show that diuresis is umiaily 
sceompanied by an inereased lilisMl-tlow." Out there a no 
strict parallelism. The blood-fl«w has usually fallen long be- 
fore the dtun«is eeaseii, and alno the maximum blood-Bow 
always occurs before the maximum diuresis. Moreover, I have 
fre<(uently seen a nuirked diuresis start without any change 
what<>ver in the blood-tlow and on .tomv oecasions even with 
a decrease in the blood-f]ow. 

Let lis return now to those experiments in which the reaponse 
of the kidney to an increased ureter pressure was studied. Tliese 
have been ehieHy nscd in testing the other assumption which 
iieccasarily follows from accepting the Ultratioa theory, — ^viz^ 



,.w, .^ irsirift the How of urine ; '' hut this 
liiriit i)\' the I'jH'ts. j'oi- sr\('ral ohsci'Vrrs 1 
llow (if iii'inc result iiiL:' l*i'<>ni a part in! ohs 
alon^^ one ureter. The (hserepaney has 
hv Miss C'ullis and invself/'^ for we wen 
the experiment were performed upon a p 
the kidneys were in no way damaged by ai 
kidney which was made to work aiirainst a 
invariably secreted more than the contrc 
instance it secreted at some stajre or other 
injected and in most instances it also excre 
of urine. If the pressure was raised consit 
that kidney excreted less of both water anc 
The essential point then is that with a 
stimulus the kidney can be excited to woi 
result which can in no way be explained 
reabsorption theory. It has been objected 
in ureter pressure might reflexly lead to 
dilatation, a conjecture which had no gi 
which I have been able to show is incorrect 
If, in the next place, we examine the ex 
the hydnemia caused by the injection of 
lowed closely, again we find there is no true 
more it is found that the hydra^mia disj 
diuresis ceases, and that the maximum ^^'^ 
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I of action of the glomerulus, — vix., the nature of the glomerular 
I tnembrane. Certainly so far as mere histolc^ical, appearance 
I goes we aee, st Rnit sight, an ideal filtering meiubratic, for Jt 
[ U excessively thin. If aow this membraae does act as a filter, 
either it must be suffieieiitly rigid t" withstand a pr«!uure of 
Bome iJO mill. Hg from its inner side, or it must be constantly 
I pn'Kted agaiusl lli<- wall of the eiijiijule, thus gaining: support 
I Biiftieient to prevent its rupture while not being brought m> 
I I'libwly intoruntart with the surface of the ca[»<ule aa to prevent 
I nitration. But the glomerulus appears to lie an elastic stnic- 
ture. Its sixe varies cousidernbly. At times it is found filling 
the capsule of Bowman completely, but often it is found par- 
tially collapsed and with a considerable collection of fluid lyiug 
I between it and the capsule wall. This lant-mentioned eonditiou 
I is not produced by overdistention of the capsule, the glomerulus 
I remaining rigidly fixed in its first position, but careful es- 
I amiuation shows that it is mainly, if not entirely, the glome- 
I ruluB itself that varies in size. Uence to explain the appear- 
I ance we should have to imagine thai after filtering for a time 
I the glomerulus was made to ccuae acting by vosoconstrietian 
I of the HtTcrent vessel, xo allowing the iutraglomcrular pressure 
I to Full, and then fluid was driven back from the tubulf* 
t into the capKule and caused the ghinieruliis to eoilapse. 
I But we may ask, where is the pressure that rould set up thU 
I back flow! for the essence of the filtration th*^ry is that the 
I intracapsular pressure should always lie low or absi'nt. 
b Vet gn-ater diSicultJra confront lu whcu we consider the 
I physical characters that the membrane rauRt poaaess. 'Under 
I normal conditions no protein is ever found in the fluid within 
I llie oapKule. Hence we must conclude that the membrane is 
I one whose pores are so small that the protein tnoleculea of the 
I plasma cannot pass through tliem. Hence of (he total intra- 
I glomenilar pressure a part must be used Up in separating the 
f proteins from the Remainder of the plaxma. and only the n-sid- 
\ uhI part is available for Hltralion purposes. Wc can find how 
I great a pressure is needed to separnlc lh>- prulejns from the 
L|>la^m& by determioinj; the osmotic pressure of the proteins. 
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This hds I'ccii fsliumted nt hIhuiI 40 mm. Up." liut it is prob- 
ably much lower Ihan this. It will be remembered that the 
suir^estion was made tStarliof;) that the maximum ureter pres- 
Kure and the pressiiro rwiuired to separate thp proteins from 
the plaflma together bataiieed the intraglumeriilar pressure. 
The figures takeu were from 80 In !)0 mm. Hg for the maximum 
ureter pressure. 3.5 to 40 for the osmotic preHsiire of the pro- 
tHns. and about 120 for the intraglomenilar pressure. But, 
in the first instance, this fails to take into account Heidenhain's 
contention, — viz.. that according to the theory the maximum 
I ureter pmssure is that at which reabBorptioii balances filtration; 
secondly, it estimates the osmotic pressure of the proteins too 
1 highly: and. thinlly, it makes no allowance for a fall of 
[ prt^ssure head of the blood fnim the aorta to the glomerulua. 
Although undoubtedly not ho great as in the cbhc of other 
'apillarieH, still there is evidenee, aa I shall show, that it 
I amounts to as much as 40 nun. Ilg. 

While it ii4 eerlain that the proteins do not pass through 
' the glomerular wall, it is also certain that any filtrate which 
' could Iw pnidneed there by the blood -pressure alone must eon- 
tain all the oonstituenta of the plasma of small moleentar siw 
it) practically the same concentration as in Ihe plii^ima. for to 
effect any concentration or dilution of these salts, etc., 
would, as nieasuremeuts of their osmotic pressures teach 
us. rciuin- very high presstirrs, pressun's out of all proportion 
to the available blood -pressure head in the glomerulus. It is 
not possible to obtain a sample of the fluid leaving the glome- 
■ rttluN. ^ul we can obtain a fluid which resembles it very closely. 
[ It ia certain that practically the whole of the water secreted 
I by the kidney comes from Ihe glomerulus. Hence, if we 
I collect the urine in cases in which excessive diuresis is estab- 
f liahed, we have a verj' close approximation to the glomerular 
F fluid, for A minimum amount of time has now been allowed 
[ for secretion or absorption of notidn by the tubule cells. If 
I we examine the urine in such cases, we find that often it may 
I be almoot pure water." Such a fluid could not possibly have 
I been filtered from the blond at the glomi^rulim. and the supposi- 
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Uon that reaboorption has ctTected this great dilution is ex- 
cessively improbable. The time allowed for reabsorption is 
far too short. 
L Ijet us take one more type of ubiK-rvatiotis bearing upon this 

point. During diuresiet hnm^rht on by iujeetiug sueh sutv 
Btances ax sodium sulphate, the urine haa frequently been ob- 
i served lo be very poor in chlorides. On many occasions I 
I have collected urines in such experiments entirely free froin 
I chlorides. To effect this separation of the chloridea is quite 
I impossible by filtration at the glomerulus; so again tluise 
I accepting the theory are compelled to assume an extremely 
[ rapid reabsorption of wiilcr sufficient to give the necessary 
I concentration of the diuretic and of sodium elUoride up to 
I the last particle. Again the magnitude of the alnorptions 
I here needed to explain the result is excessive in the extreme. 
I Fuch considerations a.s these then provide very cogent argu- 
I tnents against the filtration theory. 

[ Ijet lis take one further set of observations and we may 
[ then leave this question of filtration. The kidney in amphib- 
I ians is supplied with two sets of blood-vessels, — one set, the 
[ arteries, carrying blood at high pressure directly from the 
I a<irfa, the other cjirrying venous bhxni from the legs, a blood 
I supply al a low pressure. Now, it has been proved (Niias- 
I baum and others'! that the glomeruli all receive blood at high 
I pressure from the arteries, and further Hint none of them ever 
I receive a btiKid supply from the n-nal portal vein, — i.e., are 
\ never placet! on the low-prexKure cin-ulation through the kid- 
I ney. Utilizing these facts. .Miss t'ullis'" studied the reculta 
I following perfusion of the frng'* kidney wilh saline solution. 
I driving the solution either through the arteries alone, through 
[ the portal vein bIdoc, or thniugh lw>th simultani-ously. Of 
I the restnltit I only wish to refer to one in this connection. It 
was first shown that here once more the water of the urine 
comes from the glonienilus prnctically entirely. It whs found 
that by sending saline through the glomeruli a good flow of 
I fluid was obtained along the ureters, and chemical evidence 
I -was found to prove that this was a true secretion, not u mvre 
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leakage of fluid or effusion from thu blmMl-vesspln tlinm^jb 
dtmiutfed upithelJal cclle. In one iiroup of thi-se pxjiiTiiiieiiU, 
aftpr the ftstahlishment of a How of urine the jierfuaing saline 
was chanpcd to ont' very [KK)r in ox.vgfti. (Iradiially the 
uriiip How (teased. If thi- flow were merely a filtrate we Hhoiild 
never expect such a rosnil as this: rather, tin the other hand, 
should we ex|ie('t to fiml Ihiit a membrane damaged by 
nsjthyxiatioM would allow fluid lo pass thmnRh it more readily. 
Tho oesaation of urine flow was not due to vaaoeonstrirtion, 
since the rate of flow of the Haliiie was just as rapid with the 
oxygen-free saline hs with tiie original, further positive 
evidenc* was also giiuiied hy wiitvhing what happened wh^n 
the perfusinjf fluid waa ehanired baek again to the well-oxygen- 
ated online. There was n hmg lutent period, often amounting; 
to many minutes, and then the urine flow began to return and 
returned gradually, exaetly the result we should expect from 
a secreting surface recovering from a.%phyxiatton. but certainly 
not one to be expected from a passive filtering membrane. 

I have not attempted to deal with all these points in any 
detail this evening; but. Inking all these pieces of evidenei^ 
I'olleetively, 1 tliink you will agree with me when I say tJiat 
1 have no hesitation whatever in stating that the filtration 
tboory of urine secretion must he entirely altandoned. 

TUB GLOMEKULUS iA A " I'ROPtlLSOR " 

I now wish to bring before you the view I offer in explana- 
tion of the highly charaetcriHtic stnieture which the glomo- 
nilns presents to us, Ever and ulways men's minds tended 
to veer round again to the idea that a body exhibiting the 
structure of the glomerulus niiist be a filter. This idea has 
up to the pmtent dominated all discussions upon renal activ- 
ity. The glomerulua cannot be merely u water-eecreting sur- 
face, for that would offer no explanation of its curious trtrue- 
Inre. Thus, 1 set myself the problem: If the glomerulus 
is not a filler, what is it! Why has it its peculiar formt 
The explanation I finally hit upon ia that the glomeniluB in 
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■ mecbanisni for drivinR the swroted water down the tubule. 
1 torm it H " pr»pulBi>r. " 

I eonsider the gloiiitTuhiN ii trm- KeL-relitig surface, a snr- 
fttvir twcrt'tin^ the main bulk of the water of the urine aud pos- 
sibly nlao Rciinv- (if tht^ saline vnnstiluvnta, the amount of the 
latter dependinK upon their exeess in the blood. An a secret- 
ing surface it is lai^ in extent. Are the capillaries arranged 
in loops sinipiy to give that lfln>(; surface or is this arrange- 
ment l« ser^-e yet another end I My view is that this arrange- 
ment of the IfMjpd is to iiti!i:^e the blood -pressure within the 
loops as R means of Netting: np a sufficient pressure head to 
diM-har^ the water secreted at the snrfsce down the tubule. 
Thus the glomerulus perfonns two works, — it secretes and it 
propels. The Klomerular epithelium performs work in secret- 
ing, deriving the necrawiry eiicrgj- from the foodstnffa it takes 
in, just as is the ease with ordinary secretory epithelium. 
Secondly, the glomcrultLS as a whole propels, the energy re- 
quired being derived in this instance from the blond-pressure. 
In our preliminary' discussion we may for simpbcily consider 
these two aa-tivities to take place eonseeutively, though of 
ooui«e they may and probably do occur eonenrrently. This, 
however, makes no dilTen^nee from the theoretical point of 
■view. 

Let us imagine, thr-ii. that the glomerular epithelium has 
•ecreted water into the interior of the eapsnie. In si> doing 
its surface has been moved back awiiy from the capsule wall. 
The walls of the glomerular Ioop!< are, even when the glome- 
rnlns fills up the whole capstile, exerting but a slight if any 
tvtracting force. Conseqnently. in a partly retraeted state 
the blood- preasnpe within the glnmeniiar Joi»t>8 is eommuni- 
cated dircclly 1i) the fluid within the cti|wule in practically 
undiminished amount. Thot is, there is set np a prexanre 
bead in the fluid nnthin the capsule which pn-ssure head is 
required to drive the fluid down the tubule. 

Let us consider the varions data we possess in illustration 
I confirmation of thia view. Find, we know that the glome- 
lU is variable in volume. Thua, Nnasbaum, in his observa- 



96 HARVEY SOCIETY 

Hoiis upmi Hie tiviiin newt's kidney »nth the circulation in- 
tact, states that the gtomenikis chii be scpq to expand and 
contract and that it pulsate-s with each heart-beat. He also 
states that on aoine occasions it leaves the capsule wall and 
becomes retracted towards the point of enlrnnce of the vessels. 
We also get abundant confirmation of this variability in size 
of the ghmieniliis from the histological examination of kidneys 
removed in different conditions of activity. As previoualy 
mentioned, it is uaual during; diiin>gis to find a considerable 
accumulation of fluid between the Rlomenilus and the capsrde 
waU. 

Perhaps the raret striking evidence of the truth of my view 
comes from the followinfr consideration. It is proved from 
many dimcttonH that the water of the urine comes mainly 
from the plomenihis. This fluid then has tn he espelled down 
I the whole length of the tiibule.-and to do this there must be a 
supply of energy in the form of a pressure head. If we meas- 
ure the lenirth of the tubule, its average hunen. and the 
volume of fluid driven along it in a given time, we have the 
uccfssary data to determine, bj' Poiseiiille's law, the pressure 
head which m\ist exist in order that the fluid may be dis- 
charged at the rate observed. I therefore performed the fol- 
lowing experiment upon a dog. A diuresis was produced 
by on injection of sodium sulphate. The blood-pressure was 

1130 mm. ITg. The rate of How of urine per minute was then 
determined and the animal at once killed and its kidney fixed. 
Sections of the kidney wire next made and the glomenili 
counted. Lastly the lumina of the tubules were measured. 
Without entering into details, I may state that on making the 
calculation I found that a prciisure head of 83 mm. Hg was 
required to drive the fluid down the tubules, on the supposi- 
tion that all the tubules were actively «nd etjually secreting. 
This of course was in a case in which a free flow of urine was 
induced. The result accords very well with the forces which 
are available within the gloraemlus, for, allowing a fall in 
blood-presaure head of some 35 to 40 mm. Hg for driving the 
blood from the aorta to the glomerular capillaries, there re- 
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[JUaios a bead of 95 to 90 mm. Hg in thitso (■apiURri<». TIuh 
[pressure head is bat little in vxceaa of what is needed accord- 
IDS to my approximate calculation. 

I would point out in piusainii that this eonsiderntion com- 
[pletelj' disposes of any possibility of filtratinn hh an i-fTective 
forec in urine secretion. As practically the whole hlood-pres- 
tnre head is required fo drive the urine aloiiir the tubule, no 
ipressure is left to effect filtration. But the filtration theorj' 
Kvpiin^ much more than this. It has to iissumc that the 
volume of fluid filtered at the glomerulus is »» mni'b as 3.') 
imes greater than the volume of urine issuing from the ureter. 
|True, il does not reipiire that this fluid should l>e driven the 
whole lenpth of the tubule, but, even makinc full allowance 
for this, the pressure head at the capsule would have to Ixt 
many times hig'her than the blood-pnwiun' to produw the flow 
jusumed. 

The pnipulsor view of the elomerulus explains u number 
\<ot facts obser^'ed in connection with the kidney. First, it 
[plains the appearance of the tubule after a copious diuresis. 
Here the tubules are found widely dilate«l. wtpecially the first 
convoluted tubules. This dilatation is due to the bifth pres- 
sure of the nrinc within the tubules in theae renditions. 

Secondly, it pives a reasonable explanation nf the phc- 

lomena of maximum ureter preasure. The premure in the 

reter pan. of twirse. only rise a.* hijth as the (rlomerular 

eapillary pressure, siuee there is no secretor>' pressure. This 

is, of course, on thi- suppositifui that then' is no extensive 

reabaorption. or that if any reabsorption does take pJai-e it 

is mncb less in extent than the s«>cretion from the Klomerulus. 

The dotenni nations of the maximum ureter presMure prive us, 

then, a means of estimatint: the Klomrrntar blood-pres«!ure. 

Thirdly, this view explains why the kidney is placed within 

capsule, and that the kidney suffers if the capsnle 1m' re- 

vcd. The eaiwule is to prevent a dan^rous ovcr-expan- 

<n of the glomeruli and eapsuiea, and it is an every-day ex- 

rrience when working oneomt*trically with the kidney that 

le oiigan eaii only rxpond to u verj- limited degree When 
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thrown into activity the organ soon becomes very tense. I 
have made attempts to measure the pressure within the Iridoey 
substance during a diuresis, but hitherto without much success. 

In the fourth place, the theory explains Ihe meaning: of 
the experiment to which I referred earlier in my lecture, in 
which I found an expansion of the kidney accompanying 
diuresis but with a diminution in the rate of blood-flow. Ob- 
viously here the kidney expanded until it filled up the capsule, 
much of the espansinn being due to the urine within tho 
tubules. The pressure of this transmitted through the whola 
kidney substance acted to some extent upon the capillarie* 
and veins and thus to some de^Tee impeded the circulation. 

In conclusion. I would refer to n difficulty which man; 
have expressed when discussing my theory. This is, how ar 
we to picture to ourselves the mechanism of the secretory 
process at the glomerular surface! These cells cannot 
up any approeinblo secretory pressure. How, then, are they 
to discharge fluid into a capsule already containing flnid at^ 
say, 90 mm. Hg pressure? But it must be remembered thai 
the glomerular wall is freely movable and that these cells aw 
pressed upon on either side by the same pressure. There u 
no difficulty in picturing how these cells could continue theii 
work even though subjected to a pressure from all sides even 
higher than this. For instance, we know that when a man oi 
animal is inclosed within a caisson and the pressure theo 
raised far above this small pressure of 90 mm. Hg, still 1h4 
necretory epithelium of the kidney or any other gland can 
continue to work in a perfectly normal manner. The eelli 
are not in any way damaged, for the pressure is uniformly 
applied on all sides. This, then, is the ease for the glomernlaT 
epithelium when exposed to the verj' moderate pressure ot 
90 mm. Hg acting upon both surfaces. When those cella 
secrete n drop of fluid, what happens is that there is a similar 
diminution in the volume of the blood within the glomerular 
capitlaricH — the glomcnilnr epithelium, n« it wen>, moves back, 
towards the blood. There must theoretically be a momentaryj 
prcnure difference set up between the intracapsular pi 
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mid the intrtiKloim'nilar pressure, but it in probably infini- 
tesimal in amonnt. nor is it necesaarj' to mniimp that it has any 
mrablp ammnit. The necessarj" em-rEy (*>r this ptirpow 
IK part nf the energy expended by the cell in aecreting, and 
in amount \n allng^ther mit of enrnpanwrn with the targe ex- 
ponditure nf energy required, for Instunce. to separate water 
from blood plasma. 
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THE MOUPIIOI.OGY AND STRUCTURE OF 
THE MAMMALIAN RENAL TUBULE* 

G, CASL HUBER 
FrutesBor of Histulugy ami Kiiibrj-Dlogj-. Uoiveniily ut' Miirliigau 

IT is with sDiue diffideu<.-e that I address you this evening, in 
response to u reciuest to sp^ak to you concerning the struc- 
ture of the kidney, sinci- I «ni awan- that tlie nrgsiiiwra of this 
Society were Hctimted by a feelinp "that lectures dealing with 
what is f^uucrally considered the purely experimental side of 
medicine, given by those who devote their time to experimental 
work, would Dot be unwelcomed by the medical profession," 
fords found in the pn-face to thi- first vuluiiie of "Harvey 
LecturcM," It has seemed to rne. however, that we have here, 
not an expression of a want of appreciation of the value of 
contributions dcaline with results (gained by other than tho 
fxperimeiiUil method, namely, morphologic and anatomic 
studies, hut rather an endeavor to ijive emphasis to the experi- 
mental methiHl as an efficient means nf aitalysiK of the resulta 
obtained thi-ough investigations of the morphologist. a method 
of checking his results and a means of stimuliitioK him to 
fnrlhcr investigations, siiiee it will e\'er be his eff()rt to ascer- 
tain a structural basis for all functional activities clueidated or i 
merely postulated. It is not necessary here to affinn that the j 
morphologist appreciates fully the experimental method, which 
has foiuid wide application, especially in the field of embry- I 
ology. Our knowledge of the structure and Ihe function of a I 
celt, tissue or organ are interdependent, the one clneidatw and 
supplements the oUier, In conjunction, therefore, with the c«i- 
sidcralion of certain phases of renal activity, a« has been done | 
in two previous lectures of this course, it seemed well to present ' 
also a summary of our knowledge of die structure of the ' 
kidney. "Mehr als in der Nierc hat man wohl hisher in I 
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keiner aaderen Driise bestimmte Bt>7.ichungen Ewi8oh^*'^tt 
uod Function uufliuden zu konnt^ geglaubt, and nicUs.'ist { 
natiirlicber. aU titan wir liifse l)i-zii!huiigi^n von Neuew prufe»*'' 
mufflcn, Qnchdem unscre Ansichteu iiber den Bau nicht unft-.e-.- 
seutliche Wrninierwngeu erfahreii haben."' Our kuowl«dgH-'< 
eanoeming the structure of the inajoritj' of epithi^lial glandx '. 
with pcrsiMtent duc-tfl and producing external secretion is fairly 
complete*. The shape of their secreting compartments ha* 
been ascertained by methods of rraonstruction and corrow 
and wo know much concerning the Btnioture of their seereting j 
cells in the different phuw-M of set-rctory activity. Their blood ] 
and nerve supply is relatively simple, follomng more or less 
closely certain definite laws. Their development is also rela- 
tively simple, consisting in the main of an epithelial anlage, 
which in further growth divides repeatedly to form ultimately I 
a duct ^slem with peripherally placed secretory compartments. 
The kidney forms a distinct exception to the above made general I 
statement. The length and complexity of form and the varied | 
Ktnicture of the different parts of the renal tnhnles have r 
dered their study a problem presenting many difficnltiea. The | 
developmental histur>' of the pi-rmauent kidney, the meta- 
nephms, is unique and its bloml supply differs from that of any I 
other gland. The nomeroiia diagrams, giving (onn and struc- 
ture of the O'na! tubules of mnnimnlia eurrent iu reeent Iitfra< I 
ture evidence the difficulties met in ascertaining ita form and. I 
while the majority of the dinnrHms are based on that given by ■ 
Schweigger-Seidel in his elassic contribution to which reference 
has been made, a study of Via. 1 will show that each of the 
diagrams selected presents characteristit^ which make it differ 
from the otliers given. To emphasize a discordance of vicwa a^ 
to the shape of the tubule under consideration, shuiM* alone is | 
here considered and no reference is here made to the position I 
of the different parts of the renal tubule in the kidney sub- I 
stance, even tlioiitrh tlu« be cmisidered in the original diagram. I 
This want of unanimity of views as to the shape and strncturs J 
of the n-nal lubule and the feeling that a definite nnderstandJng J 
OS to their ithape and structure was neceaaary liefore their fnnc- 1 
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tion could be fully ascertained, actuated the writer some years 
ago to a reuewed study of this probleiu. Tht; work was under- 
takeu with the hope that by the use of uewer methods and espe- 
cially the Born reconstruction method, new light might be 
thrown on a problem which has not been fully illiunined. Tkia 
method, which in the bands of many had given «uch trustworthy 
results and in my own laboratory' had proven the means of 
giving us a better knowledge of form and relation of certain 
minute structures too smalt to dissect satisfactorily, too com- 
plex to follow clearly in sections and not always successfully 
isolated by methods of maceration, seemed etipecially adapted 
to the problem projected. It was soon learned, however, that 
the recouatruetion of a reual tubule in an adult kidney pr©. 
sented many difficulties, some of which might no doubt be now 
met, but at that time appeared as real obstacles. Recourse was 
taken, therefore, to the embryological method in the hope that, 
could the morphogenesis of the reual tubule be portrayed in a 
series of reconstructions, a fundamental type-form of the renal 
tubule might be ascertained. For it should be emphasized that 
too much stress sbonld not be laid on the form portrayed by 
« recoDstruction of any minute anatomic unit or part. The 
form presented is accurate in so far as pertains to the particular 
part or unit n^produced. It must be conceded, however, that 
not all other like parts or units are of identical form. A certain 
tj-pe-form may usually be ascertained. A Bucces«ful reeon- 
struetion ih to be regarded in the light of an accurate diagram. 
That through the morphogeuesis of the renal tubule one may 
obtain the clue to ittt adult structure will become evident, I 
trust, in what is to follow. 

Numerous investigations dealing with the development of 
the urogenital system of vertebrates are at hand and of these 
a goodly numbi-r deal with the development of the metancphroii 
of amniolcM, Here it i« iiecessar>' to distinguish between the 
development of what are termed the Htraight collecting tnbalni 
on the one hand and the convoluted or glandular tubulea on the 
other hand. That the former are developed by a proceas of 
budding as in the majority of other glandx wm recognimd 
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froiu the begiouiDg and is Dow imiversally conceded. Con- 
(H^rniug the dpvelopmeul of the latter, howevijr, the views imtil 
receutly have beeu at variance. One school, following Remak 
and lat«r Von KoUikor, taught that the convoluted portions o( 
the renal tubules were developed as outgrowths from the devel- 
oping colleetiug tubules, both straight and coiled tubulea 
developing by direct budding from the epithelial renal anlage 
derived froiri thu iiicKiiuephrie duct; another school following 
Kuppfer described a discontinuous origin for the convoluted 
or glandular portion of the renal tubule, and perhaps a third 
group who astmuje an intermediate position and who, while 
accepting a discontinuous anluge of the convoluted portion, 
assume a histogeuetic relationship between the cells from which 
the convoluted tubules are developed ajid the epithelium ol 
the Htraight collecting tubules. And while until quite recent 
times supremacy has been sought and contended for by the 
upholders of one or the other view as here briefly summarised, 
one must concur with Felix in the statement that Kuppfer's 
view of the discontinuous origin of the convoluted glandular 
portion of the renal tubule is now receiving almost universal 
acceptance, several of the more recent and compn-hi-tisive inves- 
ligations, namely those of Schreiner,' Huber," and Felix * 
aiding lurgely in its substantiation. A discordant view has 
recently been expressed by Janosik,' not as concerns tlie dia- 
irontinuouH anlage of this portion uf the renal tubule, but as to 
its early stages of development, concerning which the other' 
writers cited are aUo more or less in sccord. 

Schreiner's eoutribution. in whieh the results of observa-l 
tioDs on the anlage and early developmental stages of the. 
tubules of the mesonephros and metanephros of representatives, 
from different claKses of amniota are discussed, has desen'edlyi 
received much consideration and msy, I believe, be accepted b» ' 
bringing non-controvertible evidence of the discontinuous' 
development of the convoluted portion uf the renal tnbule. 
It may be briefly stated that the glandular tubules of the m«so> 
riephros and metanephros are developed from a cell mass known^ 
as the nephropenic tissue, derived from the intermediate cell 
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tuaui, extending on eafb side a^ an unttegniented cord along tim 
mesial and dorsomesial side uf.the mesouephrii- duct. The 
t^vaj;in«liou» ariitiug frum the mesooephrie duct, Just before 
this terminates in the cloaca, known as the renal buda and 
from which an- devrluiH-d the ureters, the pelvis of the kidneys, 
and the straight coltectiug tubules, soon after their anlage come 
in contact with the caudal end of the nopbrogeuic timue, this 
liuuv enveloping Uie distal ampullar espansions uf the renal 
buda, forming the melanephrogenic tissue, with an inner Kone 
iMmposed of densely armngi?d epithelioid uelU and an outer 
xonc having the appearance of a dense meaeiichynial tiaine. 
With the dififereiitiation of the renal buda into primarj- ureters 
and primary pehns and the development by prueess uf budding 
of the primary collecting duels, the me ta nephrogenic tissue, and 
especially its inner zone, becomes separated into masses, each 
surrounding the ampullar expansinn of a |irimury collecting 
duel, and this relation is maintained through the entire period 
of kidney development in which the collecting tubules increase 
in number by division aud budding; and with each such divi- 
sion, the metacephrogenic tissue capping the bulbous end of a 
collecting tubule prior to its division also divides aa this division 
takes place, the bulboiw end of each new eolleeting duct being 
thus capped with melanephrogenic tissue. In Fig, 2 is shown a 
portion uf a sagittal wction of a mctauephnis of a human 
••mbryo of 18 mm. crown-breech length, in which the distal end 
of a primary collecting duct of the third order with ampullar 
ifzpansion i» shown. Tlic gT<>upM of cells b and b' reprewnt 
the inner zone of the raetanephrogenic tissue ; c. the outer zone, 
and d, the primary capsule. If the itmer 7.oiie of the mela- 
nephrogenic tissue )K earefulty studied in serial sections, it 
will he found that its border is not an even ime. but that it 
preatfnta a bud-like extension along the side of the collecting 
duct, in whieh the eelln often show detinite arrangement in two 
layers continuous at the end 'if the pmlougation. Such bud- 
like prolongations of the inner zone early aeijuin- a narrow 
lumeit, around which the cells assume a radial position, certain 
of the cells of the bud in the reirion of ita junction with the 
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maiD mass of tlie inetanephrogeiiii? lissiie turning with their 
i-nds toward the iuiiieii. In the further differentiation of such 
H ccll-tnH88, thi^ hunen increases in size, the cells assume « 
columnar shape and there is formed a small vesicle, distinctly 
tteparatfid from the TOllecting duct, although in immediate con- 
tjict with it. Such vesicles may be termed renal vesicles. They 
constitute the aiilagen of the oouvolaterl or glandular portions 
of the renal tubules. The beginning and end of tbe formation ' 
of 11 renal vesicle is shown at b' and e in Fig. 2. Beginning 
with a relatively early fitsge iu the development of the kidney. 
throu)fh nearly ita entire period of development, there may be , 
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ohierved a peripbeml Kone containing the end-hranches of the 
collecting ducts with aiiipullar enlargements surrnnnded by an I 
inner zone of raetsncphrogen ic lissue. with forming and formed 
renal vesicleM. This peripheral zone is known as the neogenic i 
zone (Haniliurger and Stoerk). Beneath this zone are found f 
many generations of renal tubules, developed from renal i 
icles. and in various stages nf development, those first formed 
showing Uio grestwt advance in development and differentia- 
tion and situated in the depth of the developing cortex. Before 
considering the further development of the rpnsl vesicles, 
lire to call attention to two points in their mode of origin. 
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In tiie tirat plaice and by way of emphasis, it may again be 
Btatcd that the eoovoliited or glandular portion of the renal 
^ tiihnlc is iiol dovt'toped by proveas of buddiag, i» is the case 
vitb the majanty of glaads with pentiiitcnt ducts having exter- 
nal secretiuri. but, an has beeu shown, frtmi a tissup distinct 
ind separate from the duct MyKlem. In the secoud place it may 
e Htat«d that tlie tissue from which the renal vesicles are differ- 
utiated w of riiesodemial origin and from the mesoderm tlicrc 
I also differentiated the mesothelium lining the large serous 
vities. the endothelium of blood- and lymph-veasels and 
races and the niesenchymal epithelium of certain lymphatic 

■ and perilymphatic itpuces. It is true that one is not permitted 
to draw dednelionx as to the functional activities of tisKues 
arising from the same germ layers, basiitg stich deductions on 
the Kimilarity of giTm-la.ver origin, siner it i* well known 
tliat the eytogenetie glands,— the ovaries, the testes and the 
blood-forming glands. — as also the cortex of the adrenals are 

f also of mesodermal origin, yet a similarity in the structure of 

the epithelium of the glomerular capsule (Bowman's capsule) 

aid perhaps hIso the epithelivira of the proximal limb of the 

medullary loop (Henle's loop) to mesothelium is at least sug- 

stive of a certain similarity in functional activity. 

We may now consider the further development of the renal 

Iwesicle. In doing thi», I shall diseusa briefly a series of models, 

made by the Born method of reconstniction, showing «ucce«ivc 

hktMges in the metamorphosis of the reniil tubule. These were 

* made frt»m a series of sections of tJie kidney of a 7-month 

human embryo. This series of models reproduced in Fig. 3 in 

ae^Mtmpanied by » wHim of figure*, in each of which is repro- 

I dueed the most i-omprehensive section of the series of sections 

Insed in making each model (Fiti' 4). The renal vcKicle, soon 

■ Bfter its Hcparation from the metanephrotienie tisane, elongates 
d comes in dose trontact with the iimpullBr enlsr^ment of 
» eoUeeting duct. Its outer wall thickens, so that the lumen 

;nf the vesicle aaauraes a hook shape or now and again the form 
1 inverted T. There may now l)e ohservi'd a slight depres- 
on the outer wall of the vesiele, beneath which a cleft 
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makos its apix-arancc, whk-ti cli-ft Ik>^U8 tu supai-ate the t 
eued wull into two partH. This is belter seen in suitable s 
tiouB thau in rt-coastruL-tiuQs, siniT the slight depressiuu i 
cleft do not extend across the entire outer wall of the vesi 
In further developmeut. this eleft deepetui and exteuda latei 
ally so as to involve more Uiau the outer wall of the vesicle, i 
lower and outer portion beeomiiiK thus separated iu the foni 
of « creacenl-sliaped lip. At about the same tiniw there i 
observed a slight depression on Ibi- nppennost part of the ii 
wall of the vesifle, causing it to assume a characteriatif S-shapi 
perhaps also morn dearly seen in siiilnhle sections than 
reconstructions (B and C of Figs. ;t and 4). Usually when ti 
stage is reached, the tubular anlage becomes connected wiUl 
the ampullar enlargement aS the collecting duct, the lumen of 
tile two beconiini; continuous, this being accomplished accord 
ing tu Jiigerrous,'' by the upper end of the tubular aniu] 
becoming inserted into the collecting dnct. This S-shapeJ 
stage iu the development of the renal tubule baa long I 
recognized, As it rcpresenla an important stage, it may 
characterized somewhat more fully. For purposes of descripj 
tion, we may speak of an upper S-curve, with concavity toward 
the collecting tubule, a middle H-segment, having primarily a'^ 
horizontal position, Imt as development proceeds and the S-shap4 
heemnL-s more pvouuuiK^ed, inclining upward toward the coj 
lecting tubule, and a lower S-curve with convexity toward thi 
collecting tubule. From n'constructions, we may learn that t 
upper S-enrve is formed by a tubule having narrow liunen a 
extending without definite boundary into the S-middle segmend 
ahto of tubular form. The lower H-curve is not of cylindrioi 
shape but from the time of its formation is flattened from aboTJ 
downward and prescTits the form of a double-walled saucer 
Hhallow bowl with eoneavity directed upward, the cavity ( 
lumen which extends into this portion having a similar sbspl 
Roth sections and reconstructions show that the lower end c 
the upper S-cnrve at its juni^tion with the S-middle segmed 
rests in the concavity of the saucer-shaped lower S-eurve, ; 
that only a narrow space separates these parts. In suitably 
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liections this spacf nppeara »& a cun'eii cleft and cuutainit soon 
laftcr its formatiou a detioaU' strand of mesenchymal tiasae. 
I In /> of Fi(t. 3 is shown » tubular ajilage, which in Section D 
■of Fig. 4 shown a very typical S-stage, with lumen cut through 

■ itx entire extent. The reonnstniotimi shows that what appears 
Kin sections aa the lower S-curve is in reality a shallow bowl, 
■the edges of the saucer-shaped strnclure recoj^iized for earlier 
Ifltages haling grown upward, thus deepening the concavity, 

■ which is now occupied by a vascularized mesenchyme. This 

■ Ta.'w'ulariMHl inesenchjTue has long been nn'osru i'-<'d as the anlage 
lof the glomeruloR, this forming with the lower S-curve the 
liUilugf^ of the renal corpuscle. Further development affects 

mullaneously the different parts of the S-shaped tubular 

■ ■nlagc. The nnlage of the renal corpuscle early differentiates 
Mo a rrtruclure having the form of a fully developeil renal cor- 
puscle. This morphogenesis is accomplished by a growing 
upward and a turning inward of the donble-wallcd epithelial 
stnioture forming the glomerular eap-tnlc and hy a growing 

1 outward of a fold which arises from the inner wall of the glo- 

fmenilar capsule in the region of its ntUichment to the tubular 
Kirtion. This turning in of the glomerular capsule and the 
further development of the fold just mentioned gradually 

lliarrows the opening which leads into the glomerular capsule. 
i opening serves to give entrance and exit I« the afferent 

' ind efferent reiwelH of the glomembw which with ita capillary 
loop has in the meantime differentiated from the vascularized 
mesenchyme foimd in the eomravily of the shallow Imwl-shaped 
atrueture from which the glomerular capsule ib'velops. The 
place of cnlninc« and exit »f the ghwnenilar ve!«el« marlu the 
vascular pole of the renal corpoacle. The formation of the 

I fold above referriKl lo mnrl« eleiirly thf attachment uf the 
renal tubule to the renal corpuscle, the place of attachment 
King designated its urinory pole. It ih often stated that tho 

■double -walled glomerular capnulf is formed hy invagination, 
"hat this is not the cjum? is. 1 trust, afipanmt. The renal eor- 
[nisele marks the beginning of the glandular portion of the 
renal tubule and attains a relatively advanced state of develop- 
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meut before the othir parts of the tiibiile show a rnrresponding 
degree of developtuem. Furthermore, it is the part to be first 
elearly niad*^ out in the differentiatiou of thf renal vesiole. 
The glaudular portion of the renal tubule may. therefore, be 
sttid to liegin its development nl its distal end quite contraryi 
to the majority of epithelial glands with pentistent ducts, wfaiclf 
develop and differentiate from their anlape toward thi 
peripher>'. In considerinft the further develftpment of the 
tubular portion of the S-stage of the tubular aniaRe, it should 
be boruo in mind that this is relatively fixed at its two ends, 
l>eing attached above to the collecting tubule and below to the 
ri'nal corpHscle, so Ihiit iu its elontcnlion it is forced to acquire 
secoudary curvatures. One of these is fotrly constant both as 
to time and location appearing soon after the S-stage is reached 
and involving about the middle of the upper S-curve, the con- 
vexity of this curvature often being directed toward the col- 
lecting tubule. Soon aftyr the aulage of this curvature or 
coincident with it. the region of the junction of the S-middlV 
segment and the lower S-curve develops into an arched tubuli 
with convexity upward. The region of the junction of the S 
middle segment and the upper S-curve miw develops into i 
distinct loop, the crest of which holds a position just above 
the developing renal corpuscle or a little to one side of it. 
Models and figun-s .K to G of Figs. 3 and 4 may serva 
to elucidate these atatementii. In a tubular aulage developed 
to the extent here described there may be recognized, I 
believe, the e-ssential parts of a renal tubule of full de- 
velopment. Briefly stated, the morphogenesis of the differ- 
ent parts of a renal tubule is as follows: Concerning ths 
formutinn of the rpnal corpuscle with its double-walled glomer- 
ular capsule and glomerulus. 1 have spoken. The region of tbfl 
junction of the lower S-curve and the S-middle segment differ- 
entiates into an arched tubular segment which represents the 
anlage of the proximal convoluted portion of the renal tubule 
the region of the junction of the S-middle segment with th4 
lower end of the upper S-curve, often forming a distinct loop, 
marks the aulage of the medullary loop of the n-nnl tubule 
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{loop of Ilenle) [ the secondary curvature of the apper S-curve, 
which appears relatively early, marks the distal convoluted 
portion of the r^aal tubule. A careful study of several series 
of models will. I believe, leod evidence substantiating these 
stateroeuts, if'it is recognized that do two models, representing 
essentiully the same fitage of devflopment of the reuul tubule, 
are exactly Hiikp; Ilii-y iill vary uion- or l(^s in detaib. It is, 
however, possible to ivcognize a lypi^-fiirm for a given stage, to 
which the models of said stage may be referred for interpreta- 
tion. In further development, the loop which forms the anlage 
of the medullary loop elongates toward the pelvis of the kidney, 
growing in front of the renal corpuscle or in front of the 
tubular segment attached to it. The anlagen of the proximal 
and distal portions of the renal tubule elongate, acquiring 
secondary loops, especially the former (see models and figures 
H to J, Figs. 3 and 4). The account here given of the morpho. 
genesis of the renal tubule differs slightly from that given by 
Rtrtork' and aciM'pIcd by Pelis.' Stiterk de.wriheH a primary 
and secondary S-stage, the secondarj* S involving that portion 
of the tubular anlage not engaged in the fonnation of the renal 
corpuscle. This secondarj- S is said to develop five loops, the 
further development of which he traces. I have elsewhere dis- 
cussed his results and to this discussion the interested reader is 
referred. Janosik, who has recently published concerning the 
early developmental stages of the mammalian renal tubule, 
describes a secondary separation of the anlage of the renal 
tubule from the collecting tubule after this has reached about 
the S-stage, also budding of tubules and fusion of the tubular 
portions and of renal corpuscles of neighboring tubular 
unlagm. The figures he gives, largely of graphic reconstmc- 
lions, are so at variance with those given by other authors that 
I am forced to assume that his observations are based on poorly 
fixed material and relatively thick sections and that he has 
joined parts of several tubular anlngi'U no as to form a sinzle 
tubule in regions where Ihere may be contiguity but not con- 
tinuity of tnbulfl segments. Hi(* results will need full confirma- 
tion before thej- can be aeeepted. My own observations and the 
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conclusions reached concerning the anlagc and early Savt 
mental stances of the renal tubules, as also the genesis of 1 
different parts uf these tuhules, 1 have summarized in a b 
of diagrams given in Fig. 5. 

At about tlic time when tht- renal corpuscle has attained i 




nearly spiiuni'ul r.>rin, 
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toplagtn shows an affinity for acid stains, notably eosin and 
erj-throsin ; their nuclei aaaume a position in the baaal portions 
of the cells and stain less deeply. This portion of the tubule 
increases in length relatively rapidly, actguiring secondary and 
tertiary curvatures. The tubule further elongates through 
increatte in length of the medullary loop. This, while thus 
elongating, presenla u characteristic cellular differentiatioa 
evident in its proximttl ami. the epithelium of this portion 
differentiating inio one of a tiiitteiiwl. pavemeiil type with 
flattened nuclei. The tubule obtains in this portion a smaller 
diameter than in other parts. In ihc developing medullary 
loop, the flattened epithelium extends in the proximal ann 
from the region where the epithelium nf the proximal convo- 
luted portion ceases to near the erest of the loop. A little later, 
the epithelium of the distal arm of the loop, as also the distal 
convoluted portion, acipiirvs ii sliirhlly granular protoplasm, 
often showing a faint striation, which is also acidophile, though 
not as distinctly so as the epithelium of the proximal con- 
voluted portion. The structural differences* between proximal 
and distal arms of the medullary loop as here given can readily 
be made out, by the aid of reeonstniction. in renal tubules of 
sufficient advance in development to present a cellular difTer- 
entiation of the different parts of the tuhules. That the 
proximal arm of the medullary Iciop eoulains the strgment 
which is of smaller diameter and is lined by a flattened epitlie- 
lium has been the generally aee#pted view since the time of 
Schwcigger-Seidel's comprehensive contribution. Stoerk re- 
garded it »» a distinct achievement to be able to show that 
this generally accepted view was incorrect, since his recon- 
struclions revealed clearly that the descending or proximal 
arm of the meduUarj- loop is to be regarded as representing 
genetically and morpholopoally the end segment of the tubnlus 
contortus of the first order, the pn<ximal or descending arm of 
the loop being lined by an epithelium which is like that which 
linea the proximal convoluted portion, these two parts of the 
tnbule presenting s like diainrler. while the distal or nxc^nding 
arm of the medullary loop is of smaller diameter ami in lined 
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by cells having a "darker" protoplasm. I have elaevriien 
shown that Stoerk was led into this grave error by drawing con- 
clusions from observations made on reconstnictions of early 
developmental stages, stages in which epithelial differentiation 
had not taken plat-e. It is to lie rfgrettwi, lln-n-forv. tlmt 
views of Stoerk should Ite given any credence by Felix in hia 
comprehensive chapter on the development of the kidney ia 
the llertwig Handbook, a regret which Peter* has also ex- 
pressed. Janosik has recently slated that it is not possible to 
identify the medullary loop — loop of Henle^in as early stages 
in the development of the renal tubule as is contended by a 
number of obBerverH. citing more particularly Stoerk. lie 
further states, if I read him correctly, that there is no definite 
relation between topography of loop segments and cliaractcr- 
istic epithelial structure. I can only disagree with him in both 
of these contentions. 

The anlage and morphogenesis of the renal tubule take 
place in essentially the same manner in all mammals studied 
by myself and others. Differences in the distribution of th* 
neogenic zone as between mammals having simple kidneys with 
single reniil pjTaraid and those having lobulated kidneys with 
several renal pyramids are recognized in early stages of develop- 
ment. From the pi-inmry rfnnl pelvis of the developing human 
kidney, there are usually developed four collecting ducts of 
the first order; the branches resulting through the further 
development of enoh of these become grouped in four primary 
renal pyramids, the base of each of which is surrounded by a 
neogenic zone which extends to the developing pelvis, marking 
off four primary lol>es. the neogenic zones of two contiguous 
primary lobes forming the primary renal eoliunns (Bertini). 
During further development, the four primary renal lobes and 
pyramids are subdivided by the formation of new renal eol- 
umiu, this process going on until the final nnmber of renal 
pyramids is reached, the base of each of which is surrounded 
by developing renal tubules surrounded peripherally by a 
neogenic zone. Attention has already been called to the fact 
that renal vesicles first to differentiate develop into renal 
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tubules which lie nearetit the developing pelvis, geaerations of 
rvnal vesicles and renal tubules developing external to them. 
The most fully developed tubules are, therefore, those found 
deepest iu the developing cortex and they attain a uarked 
degree of development and dilT«rentiation at a time when new 
renal vesicles are still developing from the neogenic zone of the 
periphery, a point to which I shall have occasion to refer again. 
I may also refer briefly to the fact that it is generally believed 
that certain of the first-formed renal tubutes degenerate after 
they have attained a certain degree of development. As above 
stated, there are usually developed in the human kidney tour 
primarj- colleeting dut'ts of the first order, while iu the adult 
kidney somewhat over one hundred lai^e collecting ducts ter- 
minate in the pelvis, it has been learned, more particularly 
through Ihe eareful invest! gat i unit of llaueh." that the inerease 
in the number of collecting ducts which terminate in the pelvis 

- is attained, as development proceeds, through a proximal expan- 
sion of the terminal end nf a collecting duct of a certain order, 
this expanded end being then taken up into the wall of the 
developing pelvis, the brunches of the said duct then opening 
separately into the pelvis. It is estimated that the collecting 

. ducts to about the tifth division are thus taken up into the 
pelvis. Accompanying the reduction of the collecting duot«. 
there is stated to take place a reduction or degeneration of 
certain of the, first-formed renal tubules which for instance in 
the human kidney toward the end of the second month are 
relatively large, with well -developed renal corpuscle* and 
tubules (Felix). The question is of especial interest to me 
since 'these degenerating tubules may funiish an explanation 
for the existence of certain irregular vascular brancheti to 
which reference will he made in discussing the vascular supply 
of the kidney. 

It has been stated that the antaee of the different parts of 
the renal tubule may Ik- rtH-ofrutwd til n n-latively early stage 
of development and that these parts may N' definitely deter- 
9 soon as epithelial dilTerentiation is observed. It has 
I to me that not only could the dififerent parts of the 
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renal tubule be thus early recoguizcil. but thiit the rulutive 
lion of the different parti was also delenniDed at n relatively 
early stage. The parta of the S-shaped tubule from which 
the proximal and distal couvoluted portions are developed lie 
nbove the lower S-curve from which is developed the eapaule 
nf the renal corpuscle. It forms for each tubule, as develop- 
ment proeeeda, a coil-complex situated above the respective 
rejial corpuscle. The loop which fonus the anla^c of the 
medullary loop rests, as will be remcnibered. in the concavity 
of the lower S-curvo. As the loop elongntrs, it passes down 
over the developing renal corpuscle or the tuliule connected 
Iheroto. and grows toward the pelvis. The upper end of the 
proximal and distal iirms of the mednllary loop are thus from 
the beginning in close relation with thi> renal corpuscle of 
the respective tubule, especially the upper end of the distal 
arm which ties from the very beginninj; nearer the developing 
vascular pole of the renal corpuscle, a relation which is per- 
manently maintained and attributed by Hamburger and Peter 
to the fact that the upper end of the distal arm of the medul- 
lary loop is fixed in this position by means of branches from 
the efferent gtomcnilar branch, u poiul which is not always 
eonfirraed in reconstructions and may be more apparent than 
real in maceration preparations. The upper end of the prox- 
imal limb of the medullary loop in the rei^ion when- it leaves 
the coil-eomples is generally in close relation with the upper 
end of the distal limb, sometimes lying to the inner side of it — 
toward the collecting duct — sometimes over it and not often In 
the outside of it. as would be seen from reconstructions; there- 
fore also near tht; renal corpuscle of the reapectivc tubule^ 
retaining thus in later stages of development the relations borne 
in earlier stagi-s. In all ittaget of ilevelopnu-nt it may be seen 
that the two limbs of the medullary loop are ipiite parallel and 
take quite a direct course toward the renal pelvis or the apex 
of the renal pyramid. Development alio shows that the medul- 
lary loops of the tubules first formed extend, from a time soon 
after their formation, to the neighborhood of the renal pelvia or 
to the apex of the renal pyramid, as soon as this develops. 
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The medullary loops oE the several gcuernlions of lubulea which 
develop later terminate iit various levels iu the medulla and 
in general terms it may be stated higher up in the medalla for 
each successive generatlun of tubules. 

In traciug the development of the reaal tubule by meaua of 
reconstructions, it beeomes evident, if one notes the anlsge of 
Ihe different parts, that the proximal limb of the medullary 
loop lies nearer the collecting tubule than does the thicker, 
the distal, limb. Thia appeared to me to be the more typical 
relation and waa so interpreted in reconstructing the diagrams 
of the renal tubules shown in Fig, (i. I'eter," m a recent and 
most painstaking and importjinl eontributiun. which I shall con- 
sider more fully and freely draw upon iu succeeding pagea, has 
taken exeeption to thia statement, he finding that the distal or 
thicker arm is nearer the collecting duet, although he states in 
discussing this point with reference to the human kidney (see 
page 211). "Doeh wird diese Lapcrunii nieht stets beibehalten -. 
da die Schleifen nieht aelteu langxgedrebt sind, so kann sich das 
V'erhaltnis umkehn-n. auch konnen beide Schenkcl ntcht 
radiiir, sonderu tangential in der Siiule des Markstrahles turn i 
zenlral bcftndlichen Sammclrohr liegeu. Ftir die Binden- 
achleifen gar lasst sich iilierhaupt kein Gesetz hersnslesen ; de i 
sind bisweilen derartig ineiuander versehriiukt, dass sich kein 
Schenkel als innerer oder aiisscrer bezeichnen lasst." Peter 
courteously excuses this error in interpretation on my part on 
the ground that my observations were based on rwnal tubules 
from kidneys of embryos and the new-born, and tliat I did not 
esamine the renal tubules of kidneys of full ffniwn animals. 
One may fjuestion, however, the validity of aucJi an argument, 
for the reason that in the kidnej-s of embryos in later stages of 
development and in the new-bom, from which certain of my 
reconstructions were made, the first formed renal tubules, those i 
situated in Iho dwper part of the renal cortex, have attained a i 
degree of development and are surrounded by a connective i 
tissue of such a state uf organization that it does not seem 
reasonable to suppose that the relations of their parts ar« 
materially altered in further development and growth. In 
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Peter's text-figure LVIll, page 34ll, reproduced in h't\c. 7, 
giriag a scheme of the form of a maiamaliai] renal tubiili'. 
in the long tubule to the left of the figure, the relations of the 
iipiHT fuds of the proximal and diBtal arms of the medtilliir>' 
loops are, it seems to me, correctly ^ven, or, as one may inter- 
pret such a relation through development, — namely, the prox- 
imal arm nearer the collecting tube. In this same tubule, just 
below the renal corpuscle, the two arms of the loop are rotated 
so that the distal, the thicker arm, lien nearer the coUectinir 
tubule. I would not imply that Peter would have it under- 
stood that such a rotation takes place in the medullary loop of 
every renal tubule, nor that it would take pliice ver>- late in 
development, perhaps after birth, as may be implied in the 
criticism of observations based on embryological material. It 
should be understood that only in a general way can the course, 
structure, and relation of the different parts of a mammalian 
renal tubule be represented by way of scheme or diag^m. 
For, as concerns form and relations of the proximal and distal 
convoluted portions and their relation to the rcnul corpuscle 
and its relation to the upper ends of the proximal and distal 
arms of the mednllury W>p and the relations of all these parts to 
the I'olKi'tiiig tnljiile, each renal tuhult- presi-nts nlight differenewi 
and variations. And it has seemed to me that a fundamental 
type-form of a mammalian renal tubale. the sequence of its 
parts and their relation is more n*ndi!y and more accurately 
ascertained through development than by a stndy of segments 
of renal tubules obtained by mai;enilion and subsequent isola- 
tion, even though such maceration and isolation is carried ont 
as successfully as was dciic by IVti-r. .induing from his nwillx as 
xhuwn in his exeelient figunw. In ver>' early stages of develnt>- 
I ment of the renal tubule, iit a time when (h<- mi-dullary loop i!< 
I in anlagc, the proximal iinn lies nearer the follwting tiilw. Tho 
I Ranic is true in certain reconstructions of slightly older stages, 
made by myself and Stoerk. But even in such stages, one may 
find renal tulmlt^ in which the two arms of the medullary loop 
are not in radial position with reference to the collecting tubule, 
I but in a tangential position, in which the distal, the thicker. 
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«nn of the medullar}' loop may bo regarded as nearer the ool- 
Wting tubule. It soeniB to me that Peter has selected, as 
vuiicems this point, tubules showing one extreme, iu bU reoun- 
fttruetinn of a Nchem^ showing a mammaliau renal tubule, while 
the urriler has selected the other extreme, baaing hi« diagram 
{tf a manuiialian renal tubtile on what appeared to him aa the 
type-relation as a«oertaine<] through development. Both state- 
ments, it would seem, should be interpreted in this light, with 
the added statement that there are undoubtedly numerous renal 
tubules in which the two arnui of the nipdnllary loop hold n 
tangential position with reference t<> the collecting tubule, with 
respect to which one w the Other arm may be sliehtly nearer, or 
neither of which may be regarded an nearer. 

We may di^icuss somewhat more fully the dififerent part^t 
of what may be regarded as a fully developed mammalian renal 
tubule and the relations which these parts bear to ejich other. 
to the collecting tubule, and also their pasition in the kidney 
substance. !n naming the different parts of the renal tubule, 
it has been the custom to begin with the renal corpiwcle, naming 
the parts in se^inence to the end ivf the collecting dnetx. This 
is contrary to the established cuHtom of naming the tubular 
parts and secretory compartments of other eland-i with per- 
aiictent ducts, in which the de)*ignntion snd description begins 
with the large ducts and proceeds toward the periphery, fol- 
lowing the course of their development, A number of observers, 
among whom may be mentioned Btohr, as quoted by permission 
hy Peter, have suggested thiil the partu of the rennl luhule N- 
named beginning with the large eolleeting duct and passing to 
the renal corpuscle. Bailey and Miller f"" Text-book of Embry- 
ology") have reversed the gi'nerally awepted meaning of prox- 
imal and distal, since "in development it is more convenient 
to speak of the terminal part of a tubule as its distal part," 
Attention has already been drawn to the fact that the secretory 
part of the renal tubule, which ba.s its anlsge in the renal vej(icle. 
begins its development with the differentiation of the renal 
corpuscle Knd that its epithelial differentiation proceeds from 
the reoAl corptude to tlie oollectiag tubule. For this reason. 
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therefore, ftnd for the added reason tbat the fluid that enteral 
the reual tubules through the reual corpuscles is subjected to 
alteratioD by way tif iiddition thereto and resorption ihereftom 
iu its course through the renal tubule to the collecting tubule, 
is it more consistent to name the parts of the renal tubule io' 
the order ut their sequence from the renal corpuscle, proximal 
and diatal having reference to this eequenee. The renal tubule 
begins, therefore, with the renal corpusele (Malplghian cor- 
puscle), which is of spherical or of mund-oval form in the 
human kidney and presents a urinary and vascular pole, wtucfa.j 
tie about opposite, and consists of a double-walled capsule, the 
glomerular capsule (Bowman's capanle). usually spoken of ait 
the invaginated end of the renal tubule, though it is not devel- 
oped by inva^natiou. and of the glomerulus. The glomerular 
capsule is easily traced through its development. The outer 
lamella, the capsule proper, consists from the time when the 
tubular anlage has reached the S-sta;^ of it single layer of 
pavement epithelium. The inner lamella consists at Uiis stage 
of a layer of cuboidal or short columnar cells, sharply 
toured with liirge nuclei, These cells, as development proceed! 
and the glomerulus differentiates and the whole renal corpuscle 
attains its spherical form, assume the character of pavement 
epithelial cells which in the fully developed renal corpuscle 
are often difficult to make out clearly, since the very thin and 
transparent cells which surround the glomerulus are indi»-i 
tinctly bounded and have nuclei which in sections often 
resemble the nuclei of endotlielial cells. The epithelial layers ol 
the two lamellffi are continuous at the vascular pole, a fact' 
t-Hsily asccrtaineLl through development, Fnmi Johnston's 
reconstructions of the fjlomeniltis of a human kidney (a chilAJ 
of three months) we learn "that the afferent vessel of thC' 
Ijlomeralna, after entering the capsule of Bowman, immediately] 
divides into fivt' divcrginji branches, which with their huI>- 
divisions and with the efferent vessel form an almost spherical 
tuft of blood-vessels." The tubule is attached to the renal cor- 
puscle by A short though oft«n not distinct neck continuous" 
with the outer lamella of tlie glomerular capsule, the epithelii 
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of the tabule which become shorter in the neck estending for 
a variable thoagh relatively short cUstaace ioto tlie outer 
Itunella. The first portion of the tubule, which I shall designate 
as the proximal convoluted portion with the medullary seg- 
ment, is for the greater part markedly convoluted. This 
portion, often known as the tubuliis contortus of the first order, 
Peter describes as the convolute, forming with the medullary 
segment, — a segment which in pari forms the end segnieut of 
Argutinski or the spiral tubulu of Schacbowa.^-the main seg- 
ment (Hauptntiick), terms whivh do not seem to me to char- 
acterize this portion of the reual tubule as defmiteiy as the 
term proximal convoluted portion willi medullary segment. 
This portion of the tubule, ns will be remembered, develops from 
sn arched tubular segment, recognized soon after the S-stage 
and, although it increases greatly in length and becomes mark- 
edly convoluted, one may recognize in thin louvolute. both in 
reconstruct ioua of tubules representing various stages of de- 
velopment, tiK also in I'eter's exeelk-nt figures of maceration 
preparqtionH, the priman.' an-h. often with two nr three second- 
ary curvatures, each of which presents a variable number of 
minor eurvaturns. It mny be rmphaNized ihttt while it is poti- 
sible to ascertain a t^rtain type-form for this tubular wgment, 
especially if traced thnmgh development, each tubule presents 
individual variations. The main or primarj- arch mny be low with 
prominent secoudarj- curvatures or may extend for a relatively 
long distance toward the periphery to return again toward the 
n-nal corpuscle, a fart which was n"l dearly recognized by me 
at tlie time I was making reconstructions of renal tubules tad 
was revealed rather by «ci?ident in preparations of human and 
other mammalian kidneys injected with celluloid with a view 
of obtaining orrofiion preparations of the blood-VMsels. Now 
and again, and especially in material not perfectly fresh, the 
corrosion mass broke through the glomerular vessels and enter- 
ing the renal tubule extended in this for a variable distance. 
After maceratinti ami washing awny the kidney substance, 
there wonld be found nnmerooa casta of the lumen of renal 
tubuleK. each attached to a glomerulus, the form and course of 
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each tubule, as far ae iujected. being preserved. Such tntmlar 
caat8 are easily studied under the stereoscopic binocular and 
the course of the tubules traced, since representing the casts of ^^ 
only the lumen of the tubules, the convolutes are not compact. 




In Fig. 8 are given a number of corrosion preparations obtained 
in Ihi.s way. from an adult human kidney. The outline of tJie 
ivnal corpuscle with vattcular and renal pole, the former shown ■ 
in only a few of the tubules, the course of the tubule as it leave 
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the renal corputicle aDd its further course can here be aaoer- 
tained. Probably not the entire proximal convoluted portion 
was injected, certainly not the medullary segment; the general 
arched form, with one or several secondary curvatures and 
numerous minor curvatures, however, are shown. The main 
ni»M of the convolute, formed by the proximal ronvnluted por- 
tion of each tubule, lies peripheral to its renal corpuscle, that 
is. toward the peripheral part of the cortex. Now and then one 
iir several small loops may lie central to it. The proximal con- 
voluted portion of each tubnle forms a fairly compact coil. 
I The medullarj' segment varies in length. It is longer for 
tubules situated in the peripheral parts of the cortex and 
extends for a short distance into the medulla as will be stated 
more definitely in gi^nng the relative position of the different 
parts of the renal tubule. The characteristics of the epithelium 
lining the proximal convoluted portion and medullary segment, 
[ essentially the same throughout, are so well understood that 
I they may be dealt with very briefly. The relative scarcity of 
I the nuclei, the indistinct cell boundaries, the rodded protoplasm 
I of the basal portion of the cells, the striated free border of the 
I cells and the fact that the protoplasm stains more readily in 
I eosin, erythrosin or Congo red than do other tubular aegmenta 
1 found in the cortex are all distinguishing features of the 
' epithelium of this tubular segment. The medullary segment 
of the proximal convoluted portion is followed by that portion 
of the tnbole which extends for a variable distance into the 
medulla to return again tn the region of the renal cnrpusclR 
of the respective renal tubule, thus forming a long loop, gen- 
I erally known as the loop of Henle, for which, however, I would 
[ suggi^ the term mednllary loop, even though I am aware of 
? fact that not in all i-iises, though this is the exception, dooa 
I It extend into the medulla. This tubular segment was named 
I by Von Kolliker as Henle 's loop after its discoverer, who. 
however, had nn erroneous conception of its course and its 
I relatiomi to other parta of the renal tubnle. Pnr this reason 
and for the sake of eonsist^ncy. since the B. N. A. has dropped 
all pcrsonnl names, though lone nsed |n designate certain 
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tubular portions or paru of kidoey substance, the term 
lary loop is iuggested. To characterize the parts of the 
more fully one may speak of its proximal (descending) 
or limb, its distal (ascending) ann or limb, and the crest of the 
loop. The qualifjing adjectives, proximal and distal, as here 
used by me, have been adopted by Peter. It is the proximal 
arm of the medullary loop wbieh contains the narrow segment 
with flattened epithelinm as first described by Schweirecr- 
Seidel and accepted by the majority of writer* and again estab- 
lished by myself, in reconstructions and by I'eter in macerslioa 
preparations, after Stoerk had stated tlic contrary, basing hiai 
conclusions also on reeonstnictions. The transition from tha 
medullary segment of the proximal convoluted portion to the 
thin segment >^^th flattened epithelium is rather gradual in 
the human kidney (Pck-r) and tiiktw i>lHte in thf peripheral 
part of the medulla. This segment of the tubule has a 
lively small diiimoter, about 20 ft as compared to about 60^ foi 
the proximal convoluted portion, though a relatively la 
lumen. The epithelium is of a thin pavement type, with r 
lively large oval nuclei, which reach from top to bottom of 
cell and may cause the cell to bulge into the lumen. Two 
three nuclei may be met with in one cross-section of this sei 
ment of the tubule, often assisting in distinguishing it froi 
capillaries, which have fewer nuclei, a point which Peter ah 
recognized. The length nf the thin and transparent segment 
of the proximal arm of the medullary loop varies with 
length of the loop. In the reconstructions at my disposal, 
including tubules from new-l)om mammals, the thin 
ment ceased iK-forc the crest of the Innp whs reached, 
being fonned by a thicker tubule with darker epithelium, cmi 
as is characteristic of the distal arm. In the diagrams of t' 
tubules given in Fig. IJ it was so represented. Peter stat' 
however, and 1 think correctly, that the crest of the loop 
not always formed by the thicker, the distal, arm nf the 
It is necessary, as he has shown, to distinguish between 
and short loops, this depending on the extent to which the h 
enters the medulla. The crest of the loop in the long mednllai 



i 



THE MAMMALIAN RENAL TUBULE 



I loop is in the thin truiispiirciit segment, wiiicb extends for a 
distanoe ou to the distHl ann, while for the short loop, those 
ending in the peripheral part of the medulla, the crest of the 
loop (in the human kidney) tUwnys falls to the thicker and 
darker, the distal, arm of the loop, the thin segment of the 
proximal arm being in a short loop relatively abort and may be 
lacking entirely in a very short loop. I am glad to correct the 
diagrams of tubules given in Fig. ti to this extent; the source 
of error is, I think, readily seen In even the late etages recon- 
ktnicted there was evidently not complete epithelial differen- 
tiation; the epithelium forming the crest of the loops re- 
constructed, and whieJi had the appearance of the epithelium 
of the distal arm. is rather to be n?garded us an embryonic 
epithelium, the region representing a growth zcme. It has 
seemed to me that the same explanation and interpretation 

I might be given to the mixture of tJie two types of epithetia. — 
thin and transparent and thicker and darker, — observed by 
Peter near the end of the medullary loopN in the kidneys of 
children, but never observed by him in the adult. The distal 
arm of the medullary loop extends from the en.'st of the loop 
lo the renal corpuscle of the respeetivc tnbule, its upper «id 
«ftcn arching over the renal corpuscle in the region of its vas- 
cular pole. This tubular segment ix lined from the region where 
the thin transparent epithelium •.•{ the medullar^' loop ceases 
to the region of the renal con)uselc by an epithelinm which 1 
have characterized as pre-^tenting essentially the siune structure 
throughout. The diameter of this tubular segment is about 
SOfj (Peter). It is lined by » short cjilumnar epithelium in 
which cell boundarieH are indistinct, possessing slightly gnui- 
ular protoplasm with indistinct striation in the basal portions 
and staining somewhat less deeply in eosin or erythrosin than 
does the epithelium of the proximal convolatod portion. There 
ix no striated free border. Tlie nuclei are relatively large and 
stain readily. Peter has called attention to the fact that the 
distal end of lhi< distal arm. tin- portion near the renal cor- 
poscle. presents an apjwaranee and structure which differs 
b somewhat from that of the lower or proximal portion of this 
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arm. In the rabbit, the distal portion of the distal aria 1 
smaller diameter and much lower epithi'lium. In the human 
renal tubule, the distal porlion of the distal arm of the medul- 
lary loop presents in macerated preparations a diameter which 
la ttlighll.v larger tliaii the proximal portion of this arm, while 
tlie liunen of the distal portion is distinctly larger, this at the 
cost of the height of the epithelium. Peter recogniites in tht^ 
distal B(tgmfDt of the distal arm of the medullary loop a ( 
tinct tubular segment, jiud it ix represented as a distinct tubula] 
segment in all of the schemes of renal tubules given by hitn 
Whether this is justified seems to me to be questionable, i 
cially aa concerns the human renal tubule. He himseJf state* 
BS concerns this point with reference to the human renal tubulen 
"Del- ZellMag hat sich ganz erhehlich wrdiinnt. und ohne liaa 
twin (.'hiiralrtcr auffnllcnd weclLsclI, wird dadurcb doch dal 
AusHcheii dcs dixtulen K(.-lienkf]s iiicht uiilH'triifhtlich vi'raiidvrtd 
Das gatiKC Kaiialchen wird einmal heller; femer bedingt Aim 
Diinnc der Wand, dasM diw Kiihrchen vim Hiidercn hcuachliartcfl 
Gangen eingocngt wird und sich der Gestalt seines Querachnittel 
naeh diesi-n richtcu musN" (see page 16(j).' Tin- lubiil«r seg^ 
ment following the distal arm of the medullary loop, wbJd 
ends, as has been staled, near the vascidar pole of the renal cop^ 
puscle, assumes a very irregular course and may be spoken q 
as the distal convoluted portion, although this portion is laucd 
shorter and not so distinctly convoluted as the proximal ( 
vohited portion. Peter uses the term "Schaltstuck" — int«p. 
calated porlion or tubule lil dcstgnulc this tubular scgmfntRl 
wliich he further divides into a relatively short segment, known 
as the "iiwischenstiicb"^nlfrniediate portion, which differs 
structurally not at all or only slightly from ihc distal end of 
the distal arm of the medullary loop and the intercalated portJ 
tion proper — "eigentliehes Schaltstiick, " the beginning olj 
which is determined in preparations macerated in hydrochloi 
»cid, by the presence of minute dust-like crystals, which giv( 
this portion a characteristic dark appearance in isolated prept? 
rations when viewed by transmitted light. The term "SchalW 
sttick" — intercalated portion — does not seem to me to be wcQl 
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ebosen, since it bas been ciOBtomary to deaiffiiKte 8 narrow tubu- 
lar Bcirmi'nt following the »eCR'tor>' lUvinili or tulmlpa of many 
glands by thin tenn, wbich hax thns acquired a somewbat dis* 
tinctivc meBsing. For this resaon. the term dislal convoluted 
portion, which is cmiitiBtent with th'' oth«r terms u-twi, would 
•eem to me more desirable. As has been stated, the distal con- 
voluted portion, which I would have extend from the place 
where the renal tnbule breaks contact witli the renal corpuscle 
near its vascular pole to its junction with the initial collectinR 
tubule, is not nearly as lonp as the proximal convoluted por. 
tion — only about one-fonrth to one-third the len^h of the latter. 
The convolute formed by the distal convoluted portion is not 
nearly so complex as that fonnct) by the proximal portion, con- 
sistinfC frequently of one or two main loops with secondary 
eurx-iitures. ofli*n havintr th'- form of n x'lgrAt^ (Peter). In this 
■epment the tubule shown irregularities of contour, enlaree- 
luenla and const rictinns. and irregular bul^n^ and bud-like 
appendaffCH, the latter not so apparent in reconstructions (see 
fitmres of reconstructions by Iluber and also Pigs. 37« and 38<i. 
I'l. V of Pet»r") ss in maceration pn-parations and it is a 
ijuestion whether or not a ccrtjiiii amount of the irregularity in 
contour in this tubular sofirment as seen in preparations mace- 
rated in h.vdroeblorie acid is not dne to compression caused Ify 
» contraction of the surrounding proximal convoluted tubules 
which have a firmer eansiatency. This variation in the contour 
of the distal convoluted portion is quite apparent in sections. 
TliP lumen is prominent and often of irrepular form. The 
nuclei of tbe lininp cells are relatively larfff and stain readily 
while their protoplasm does not stain as readily in eosin or 
erythrosin as in tbe cells of the proximal convoluted portion. 
Peter states that the faint basal striation evident in the cells 
of the distal arm of the medullary loop is not evident in the 
cells of the intercalated setrment proper, " eipentliehes Behalt- 
Htilck." The peculiar dust-like crystals, seen in preparations 
of this sejrraent after maoeration in hydrochloric acid, are not 
olfflervcd in wctions. The loop or /ifc^air formrd by the dittnl 
ronvolutcd segment usually lies to the outside of the convolute 
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formed by tbe proximul coDvoluted portion «iid, ok stated b; 
Peter, usually on the aide turned toward the collecting tubule. 
The main loops of the distal convoluted portion an- often fmind 
iifnr and a little above thr renal oorpuacle of thi- renpeotive 
tubule. Xow and ucrain a loop of the proximal coiivolut«d 
portion covers n loop of the distal eonvoluted portion and « 
loop may penetrulc the coil i-omplex formed by the' pn^xima) 
convoluted portion, n^ is shown in the left upper tubule of 
Ki(t. 6, which is drawn after a reconstruction. I'et^r feeU that 
Hiu'h ail nrrangeinent is impossible, stating "Auch ist eiu« 
derartige DurchfleehtDtig von Hauptstiick mid SchaltstUck, 
wie sie das obere linko Konvolut zeigt, in welchera daa letzt«r0 
dureh eiut' SehlinK*- dcs Hauptstiiekes hindurchschliipft, 
nndenkbar" (see pngr ;t4:i).* It rwiuires only a sli^^ht rotatioa 
outwanl of the proximal arm of tbe medullary loop of th« 
tubule under diacnasion to expose the distal convoluted portion, 
not more rotation than in permitted in Ihi' long loop lo th« left 
in Peter's text tigiire LVIII. The distal convoluted portion is 
continued as the initial eollocting tubule which ends in the 
nollecting tubule of the medullary rny and formx the end of the 
secretory portion of the renal tubule. There is a gradual 
transition of the epithelium of the distal (.'onvoliited portion to 
the initial collectiup tubule and it is somewhat difficult to 
state where the one ends and the otht'r begins. It is aluo 
impoHsibU- to slate with any decree of eertainty whether the 
initial collecting tubule develops as an outgrowth from the 
cf>llecting tubule or is differentiated with the other parta of 
th« renal tubule from the renal vesicle, since soon after the 
fusion of the S-shaped renal tubule with the ampulla of the 
eollccting tubule, nil traee of plaee of fusion is lost. The 
epithelium lining the thicker portion of the medullary loop, 
the distal eonvoluted portion, and the first portion of the initial, 
collecting tnhule presenls many points of Rimilarity. Through- 
out these parts, the cells are of a low eolumnar type with india- 
tinct eel] boundarii-a. It in true that the verlieal diameter of 
the eells varies somewhat, the cells being aomewhal shorter in 
the distal part of the distal arm and the eelln ■>f the distal 
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coDvoIated portion preseDt a somewhat more irregular inner 
•horder and stain less deeply in eosin. The diflferences in shape 
and structure are, however, so slight that it has not seemed to 
ine necessary to ret'o^^ize iliBttnctive typos with perhaps dla- 
linctJTe functions. We are, it seems to me. juslitied In recog- 
nizing four distioct types of epitheliiun in a renal tubule, if 
we include the glomerular i-apsule a« n part of the renal tubule. 
First, the Hattened epithelium of Uie glomerular capsule; 
second, the epithelium of the pruiiimBl eonvoluled portion with 
the medullar^' segment; third, the pavement ejiithelium of the 
medullar}' loop: fourth, the epithelium of the distal arm of 
(he loop, or from the region where the pavement epithelium 
ceases, the distal convoluted portion to the Hrst part of the 
initial collecting tubule. Concerning the first three types, 
there can be no question. Slight variations in shape of cells 
and in (heir structure are met with in the ditfi-ri'iit portions of 
the tubular segments, the epithelium of which is grouped under 
type four, variations which are more marked iu certain forms 
than in others. In the rabbit, for instance, the distal segment 
of the medullary loop presents a relatively small diameter and 
the epitheliimi of the distal convoluted portion possesses an 
epithelium which reaemblcs that of the proximal convoluted 
portion (Peter). It would seem to me, however, that the differ- 
ences in the stniclure of the i'|uthelinm of the tubular segments 
grouped as having the epithelium of type four are not suffi- 
ciently marked to warrant the recognition of further types. It 
is also of Homi- inifiortjincc tn nol"- that thi'w four t.vpcs of 
cpitbelia of a renal tubule are met with not only in a mani- 
maliau renal tubule, but also in the renal tnbules of certain of 
the other elasses of vcrtebrnten. I i-annot at present speak of 
the renal tubules of the bird's kidney; a reconstruction of this 
tj-pe is under contemplation. In the n-nal tuhulo of the rep- 
tilian kidney, four part-s with eharacteriatic epithelia arc recog- 
nized. In Fig. 9 is shown a reconstruction of the renal tubuli- 
of the kidney of a turtle (Chrysemya marginata) in which the 
renal corpuscle, which is relatively amBll, with its renal capsule 
with distinctive epithelium is joined to an arehe<l tubule which 
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corresponds to the proximal coDvoluted portion with its char- ' 
' acttristic epithelium. This is followed by a ahorl narrow »eg- I 
ment, not in the form nf a loop, but slightly coovoluted, with a ] 
low epithelium which corresponds to the epithelium of the I 
thin arm of the medullary loop of the mammalian renal ttihule. 
The remainder of the tubule corresponds in epithelial lining ] 
to the distal arm of the medullary loop and distal convoluttKl I 
portion of the mammalian renal tubule. In FiR. 10 is shown a I 




nwonst ruction of the renal tubule of a kidney of a frog, there- j 
fore ft mesonephric tubnie in which the four distinctive regions 
l^ossessing characteristic epitheliimi may also be observed. It I 
would seem evident, therefore, that it is necessary, in consider- 
ing the function of a renal tubule, to take eo(?nizance of the I 
fact that the renal seeretion from the time when its presence in I 
llic glomerular capsnie is noted to the time when it reaches j 
the eoUeeting tubu|.c mctts with at least four types of epithe- I 
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lium, each of which presnmably has a specific function to per- 
form. Starling states, "In all organs of the body whose func- 
tions have been investigated by physiologists, it has been found 
that a difference of function is invariably associated with a 
difference of structure, so that interdependence of function and 



Fio. 10.— Refloni-lniotion of 




. {roc'a kidney. 



structure has become an axiom. Vfe are therefore justified in 
founding theories concerning the phyNiologic function of an 
organ on a purely anatomical study of its structure, although 
the complete etrtablishment of such theories must ultimately be 
afforded by physiological investigations." Before leaving the 
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consideratioii uf the form and structure of the mammalian r 
tubule, a woitl may he saiJ eimi-eniing the eollfitiiig liibulPs. 
Their functiua is very probably merely that of conveying the 
fluid received from the renal tubules to the pelvis of the kidney. 
As was stated, the lollii'tinp tiihultN are dcvt-lopud rhnm^h 
budding and dichotomoua division of the priniarj' eolleuting 
tubules, which bud from the primary n^^nal pelvis. The central 
division of the coliectiug ducts, or, to state it in other form, 
tJie central union of the eoUeeting ducts, takes place in about 
the inner half of the medulla. In the outer part of the medulla, 
the collecting ducts show no or very little division. In the 
cortex, the collwtiug tubulc)* rp('eive the initial collecting ' 
tubules, through which the renal tubules are united to the 
definite collecting tubules, tho details of which vary in different 
forms and need not be discussed here, but are discussed very 
fully in Peter's excellent account. The collecting tubules 
throughout are lined by a short columnar, sharply contoured 
epithelium not to be confused with the epithelium of any por- 
tion of the renal tabulo. 

A knowledge of the relative position of the different parts i 
of the renal tubule in the kidney substance is essential to a 
correct interpretation of sections of this organ and Peter's 
recent contribution has very materially iucreased our Imowledge 
in this regard, especially as concerns the relations of Ihe differ- 
ent parts of the medullary loop. In the following presentation, 
1 have made free use of the data which he gives. It is a well- 
known fact that the renal corpuscles, tho proximal convoluted 
portions, the distal convoluted portions, the upper ends of the 
medullary loop, especially the distal arm and the initial collect- 
ing tubule, are found in the cortex and between the medullary 
rays, constituting what is often known as the labyrinth of the 
cortex. In the medullary rays are found the medullary seg- 
ments of the proximal convoluted portion which pass from tlie 
region of the renal corpuscle of a respective tubule to the 
medullary ray, further the distal end of the distal arm of the i 
medullary loop and the cortical collecting tiibules. The i 
medulla of the kidney, whether of a simple or lobulated kidney. 
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may be divided wiUi reference to the position of the different 

p»rts of the nieilullarj' liKip into diMtinct zones which have a 

deilnite and conAtant relation to the partA of the medullary 

loop, shuwin^ distinetive strucLun-, as has been shown by Peter, 

who must be rm-oguized as advancing very materially oar 

knowledge of the stnicture of the kidney in this regard. He 

I lias sliown tliat one may recognize in the medullti an inner and 

outer zone and that the latter may be further divided into an 

uiner and outer band or Btripe. He has chamcterized these 

zones and banda somewhat more fully for the kidney of ft 

rabbit. In a sagittal section of a fresh rabbit's kidney, the 

cortex presents a brown color, while the greater part of the 

meduilii, beginning with the apex of the renal pyramid, pre- 

I scats a grayish -white color and a somewhat transparent appear- 

unci--. ThiM zone is relatively broad, measuring 9.5 mm. in a 

kidney measnring 15 mm. from periphery of cortex to apes of 

ri'nul pynimid. This constitutes the inner zone of the medulla. 

Peripheral to this zone there may be recognized a zone of a 

yellowish to a reddish color about 2.5 mm. broad and bounded 

externally by Ilic cortes, fomiiug the outer swrne of the medulla. 

I In this outer zone there may be recognized two bands or stripes 

I of about equal width, the inner having a more yellow color, 

the outer a redder color, and known restpci'tively as the inner 

and outer band or stripe of the outer sMine. In the human 

kidney about the inner one-hHlf of the medullary substance of 

I a renal pyramid presents a grayish-white color and constitutes 

the inner zone, which in not sharply Iraunded toward the outer 

zone. The inner and outer bands of the outer zone are not as 

distinct in tlic human as in the rabbit 'h kidney, except in the 

kidneys of children and young individuals. The outer band 

has a width of about one-fourth of the width of the outer zone. 

These zones may also fie rw'ognized in tissue fixed in Zenker's. 

I Miiller's, and Van flehuehten'a fluids and are espci-ially clear 

I m tissues mueernted in hydrochloric acid. Peter has further 

K^MB that the boundary' line between the inner and outer 

^^Bi represents the region of transition of the narrow scfr- 

^^^■.$( the niedullary loop with paremcnl epitbelinm to the 
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thicker aegment with darker and thicker epithelium in the ] 
long medullary loop, those extending to the deeper parts of | 
the medullft; this transition occurs, it will be remembered, i 
the distal arm of the medullary loop. In the inner zone of I 
the medulla there an! found, therefore, ouly eoilecling tubules I 
and medullary loop segments with flattened epithelium. The I 
boundarj' line between the inner and outer band of the outer | 
zones of the medulla is found in the region of transition of the J 
epithelium of the medullary segment of the proximal convo- I 
luted portion to the thin flattened epithelium of the proximal J 
arm of the medullary loop. This transition for long and for I 
Hhort medullary liHips taki-s pliicc at nlMint Ihe suniv level and I 
marks the inner boundary of Ihe outer band of the outer zone I 
of the medulla. The crests of the short medullary loops are i 
fnnnd in the outer zone and for ihi- rMbliit in Ihe inner band of J 
Ihe outer zone. In the human kidney, the inner band of the I 
outer zone contains thin proximal arms of the medullary loop, I 
the distal, thicker arms of the iiLe<liillar>- loops, the eresttt of the J 
short medullary loops, and collecting tubules, while the outer 
band of the outer zone contains the medullary segments of the 
proximal convoluted portions, Ihe thicker distal ahns of the 
medullary loops and now tind ufi,iun a crest of a short medullary 
loop (Peter)- The relations as here stated as existing between 
the different portions of the medullary- loop and the medullary 
zones and bands pertain not imly to the medullary sabstamw i 
of the kidneys of rabbit and man, but also to other mammals. I 
For comparative investigations it is, however, necessary to I 
remember the following facts which I have taken from a sum- 
mary given by Peler ' (see \mfix -Ho ). t'arnivora (cat and dog) I 
possess only the long medullary loop, those extending into the j 
deeper parts of the medullary substance; in the rabbit, the I 
proportion between long and short loopit is as 3 to 2 ; in the I 
sheep, the proportion is 1 long loop to 2.3 short loops; in man, I 
I long loop to about 7 shorl loops ; in the pig, the short loops 
greatly predominate. The general relations of the renal tubule 
and the relative positions of the difl^erent parts of the medullary 
loop to the medullary zones and bands are shown in Pig. 7, 
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ffiviDi; a diagrsm of tiie courat^ and relations of a runal tubule 
of B niBmmal (Peter s text-figiire No. LVIII). 

Having thus considered the course and structure of the 
renal tubules of mammtdiK. we may now consider their relation 
to the renal vessels and in doing this, cognizance &hall be taken 
more particularly of the terminal vascular brauehes and their 
relation to the different party nf the renal tubules. That the 
vascular supply of the kidney differs in many respects from 
the vascular supply of other glands with persistent ducts and 
external secretion is well understood. In the majority of glands 
of this type, the arterial branches follow in the main the duct 
system, to terminate in capillary networks which surround 
the secretory compartments, the vascular branches developing 
in relation with the duct system and in the majority of such 
fllands one may recoenize more or leas clearly defined vascular 
units. No such fundamental relations pertain with reference to 
the blood-vessels of the kidney. The course and relations of 
the main branches of the renal artery are well understood, 
thanks to the verj' successful corrosion preparations of Broedel 
and others. It is not my purpose to consider these further than 
to state that the renal arterj-, on entering the pelvis of the 
kidney, course*, after further division, in the peripheral port of 
the medulla. These main branches, having a course which in the 
main is parallel to the surface of the kidney or the renal 
liihule, therefore <U*crihe arcw with convexity oiitwanl. They 
are known as the arcuate arteries. From the convex side of 
nuch an arcuiile artery there Hri.ie at relatively short intervals 
branches which form acute angles with the parent stem and 
pass with slight inclination toward the cortex. Tlie length of 
these branches varies aiid from their cortical sides are given 
off at short intervals branehea which pass more directly toward 
the cortex, subdividing further and giving origin to numerous 
branches which radiate toward the periphery of the cortex and 
may be known as the radial branches (interlobular arteries). 
The arcuate arteries ultimately terminate in smaller branches 
which also end in radiate arteries. Small arterial twigs, which 
xhal! be designated as the uflTiTeut glomerular branches, nriw 
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from all the branches of the renal artery, begiaaiag witB 
ari'imiL' liriiiiclii-H; from ihc latti-r and from the main stems ] 
rplatively tew, from the radiate arteries, however, and from the 
branches from which they aris?, there are given off numertms j 
flffi'ri'nt glomerular hrauchesi. As is well known, the afferent f 
ginmi'nilar brunehi's divide to form the eiipillar)' plexusi-s of 
the gloinenili. these in turn uniting to fonu the efferent glo- 
merular branches, which in turn again break up into capillary | 
networkH. There has Ix-en much discussion as to whether all 
the tcrmiuftl branches of the renal artery constitute afferent I 
glomerular branches and whether eertain terminal branches I 
may not end in capillaries without being connected with glo> 1 
mernli, and the chief eontroveraial iiuestion concern 
recta of Ilenle aod Donders or the arterioho recta; of other i 
authors. Several views are current in the literature pertaining 
to the origin nf these arteriola- recta. Aciording to one ' 
they arise from the efferent glomerular branches of the renal I 
corpuscle* lying nearest the medulla, a view early expressed 
by liowntan, also by Oerlach, Von KiiUiker, and Luilwig. 
cording to another view. rec<^nttiou and jimminence is givi 
arterial branches which arise directly from renal vessels, these 
dividing to form arteriolie rectie without the iuterposition o£ 
glomeruli, and known as arteriolie rectie vera- in contradis- 
tinction to such as are formed by a division of efferent glomeru- 
lar branches and are known as arteriola; rectte spuriie. Accord- 
ing to still another view, the arteriolte rect^ are said to arise I 
from the capillary networks surrounding the renal tubules of 1 
the cortex. Virchow and perhaps the majority of the writers I 
have tried to harmonize these conflicting views by reeognizing I 
both arteriolffl rectfe vene and spuriie, their relative proportion I 
being variously given by different writers. Since the iiueation J 
under discuasion is one of some importance to the pliysiologist, | 
it seemed to me worthy of renewed investigation and with J 
methods .other than those formerly naed. In such an inveatiga- I 
tion (Hiiber'") it wan found that a celluloid injection mam 1 
Ntaineil with jdkanin could Ik' ho injected iw to cause it to ptaa J 
through the successive divisions of the renal artery to and 1 
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beyond the etomeruli. After injection, time was allowed for 
the tnii>w In set. The kidney as ii whole or in |iiei-i« was then 
Itlaeeii in 75 per ei-iil. hydrin-hlnriir Hciil for a time suffi- 
cient to thorouj^hly macerate the connective tiasne and glandu- 
lar elements, which were then washed away by carefnlly play- 
ing water agaitist them, usaally by means of a dropper with 
rubber bulb. Smaller or larger pieces of such corroeiona were 
llieu eul out under the stertiisi'iipic hirnN-iilnr. thnriniijthly 
washed, dehydrated, and mounted in balsam. Preparations 
from 2 to 5 mm. thick, or even thicker, thus prepared, can be 
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studied under the st»T«Mcopic binociilflr and the entire vascu- 
lar tree with the rulationK of the brauches ascertained. This 
method has proven very Mtisfactory in the stndy of the renal 
vemels, as it hfw uften been possible to obtain corro«ion« in 
which the eoursie of the vemela could be followed through Iheir 
several divisions until tin' capillHries «re reacheU (see 
Pig. 11). The rfiial veasela of the dog, cat, rabbit, rat, and 
guines-pig were thus sIudiiHl. The human miitcriRl nt my din- 
po«jal wa» not nufficicutly fr«h to give really Huceeiufiil corm- 
i!ioD8. In corrosions of ver>' fully injected material there are 
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often obaerved very small branche§ arising generally from tlie 
concave side of the more distal parts nf the arcuate vessels, 
which can be traced as afferent glomerular brnni-^lies to glo- 
menili. These small branches arc not uiunerouM and may 
attain a length of aliunt 1 ntni. They may end in one glomcni- 
lua or, after branchinK, iii several. On the branches which 
arise from the convex borders of the arcuate vessels, the afferent 
glomerular brauchea become more numerous, the number in- 
creasing with each successive division of these artiTial branchea. 
Such afferent glomerular bninohes vary in length. Branches 
ending in one glomcnilus are met with; eluatem of one, two. 
three, four or even mor^' afferent branches, each ending in a 
glomerulus, are also seen. Numerous afferent glomerular 
branches arise from the iirteriiil branches which divide to form 
the radiate arteries. Here also they may arise singly or in 
small Kfoupti or a small arterial twig may divide into four, aix, 
or ciKht branches, each ending in a glnmeniluB. From the 
radiate arteries (interlobular arteries), as is generally stated, 
there arise at all levels in the cortex and from all sides numer- 
ous afferent gloirienilar bninehcs, not n-gulaily, aw usually 
figured, but more often in clusters of several branches, each 
ending in a glomerulus. The radiate arteries, as they reach 
the periphery of the cortex, diride into afferent glomerular 
branches. As is well known, each glomerulus constitutes a rote 
mimbile, its capillary branches uniting to form a single efferi-nt 
glomerular vessel which is regarded as an arterial and not a 
venous branch. The efferent glomerular vessels, soon after 
leaving the glomerulus, divide to form capillaries, the dispo- 
sition of which differs in different portions of the kidney. The 
efferent glomendar branches of the glomendi, the afferent 
branches of which arise from the arcuate arteries and from the 
successive branches of these until the radiate arteries are 
reached and of a varying number of glomeruli, the afferent 
branches of which spring from the lowermost portions of th^ 
radiate arteries, divide into bundles of long slender branches 
and capillaries which pass into the medulla and constitulc 
the arteriolic rcetw spuriie of writers. The efferent glomerular 
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broaches of the remaining glomeruli form capillary plexuses 
which surround the renal tubuleti of the cortex. The majority 
of recent wrilrnj rt-cognize tenninal arterial brunches which end 
directly in capillaries iu the kidney substance without thi? 
hilerposition of glomeruli. Such branches are de§cribed as 
formed in the bmindftry zone between m>rti'x and nnHhilin, — 
arteriolar rectff vera?,— and in the periphery of the corten us 
terminal brancheK of the radiate arteries. Only very few 
branches of this tyjw are recognized in my corrosion prepara- 
tions. If present, they should be injected more readily than 
the branches with glomeruli, since in the latter it is necessary 
lor the injection mass to pass through the capillaries of the 
glomerulus, before reaching thn more peripheral capillary 
plexus. A few such brunches are recognized in corrosions as 
tlie nutrient arteries of the renal pelvis. Their arrangement 
is snch that they are not to bo confused with the arteriolit 
recta?. One may now and then find small arterial twigs which 
terminate directly in arterioUv recUe, — arteriola- rectie vera-. 
They constitute, however, a very small percentage, the great 
majority resulting through a division of efferent glomerular 
branches. In the dog there are observed a amall norober of 
very small glomeruli which appear fully injected. These may 
rt'pnwt'nl the small rrtc mirabili' d(>siTilit-ii by (lolubew " in 
the dog and cat and designated by him aa *'retia mirsbilia 
rcnum nova." as situHted in the deeper portTon of the cortical 
substance and periphery of the medulla. The very small 
glomeruli observed by tnc always end in vessels which divide 
to form srteriolie rcctte. And from thin fact, I have been led 
to conclude that they represent the remains of normal glomemli 
associated in their development with renal tubules, which 
tubules, it) later stages of development, have undergone rogrea- 
tnve changes and dcgeticrtition, a portion of the glomerular 
pluxua with afferent and efferent vessels remaining intact, the 
ive changes var>-ing with dilTerenl glomeruli and in «omo 
going on to complete ohlitoration of the glomerular 
the afferent and efferent branches alone remaining as a 
laoas structure. The arteriolif recta? venp, which are 
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relatively rare, I would regard, therefore, as the remains < 
glomernli. present in early stages uf development, the renal 
tubiile and a portion, perhaps all, of the glomerulus of the 
respective tubule degenerating as development pi-oceeda. The_ 
very few arferiolie rectie vene noted form therefore only appai 
ent exceptions t^ the general statement that all arteriolfe reotj 
are fonned by a division of effi'n'iit gjotnernlar bniriL'hi 
far as may be determined in corrosion preparations in whid 
the peripheral portions of the radial arteries are completers 
injected, tliese end in afferent glomerular branches and do no^ 
present terminal branches which end directly in capillaries i 
the peripheral portion of the renal cortex. Now and ngaii 
radial arteries pass to the periphery and pass to the capsule; 
anastomosing with capsular branches. From Dbser\-ationH made 
the conclasion seems warranted that practicnliy all of the 
blood found in capillaries surrounding the different parts of 
the renal tubule is blood that b&s first passed through the 
glomerular vessels, a fact clearly recognized by Bowman many 
years ago, as I have stated elsewhere. Such a statement as 
made by Metzner ("Nagel's Handbuch der Phj-siologie des 
Menschen." page 227, vol. ii, part i). "Demnach ist das die 
Marksubatahz versorgende Blut gemischt aus arteriellem and 
aus Olomerulusbliit der Rindc," i.s therefore untenable. 
Nnraerous vense n^cla' return the hlood from the mednlla to 
lai^er arcuate veins and radial venous branches collect ' 
blood from the cortex, these also ending in the arcuate vein 
It should be stated, however, that while the arterial supply i 
fundamentally the same in the kidneys of various mammals, i 
for as 1 have been able to determine, the arrangement ot t 
veins, especially the larger venous branches, varies very t 
rially in different forms. In the rat, guinea-pig. and ra 
the veins begin in the cortex in radial venous branches, wbifil 
are similar in arrangement and course to the arterial radi^ 
branches. Thoy end in arcuate veins, which also receive 1 
venulie recta-. In the cat there is fonnd a system of relativelj 
large vetna situated immediately under the capsule, which eoqj 
veree toward the hilum of the kidney and receive all aloi 
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coarsi.- radicula which drain about the outer half of the cortex, 
and arcuate veins .situated in the periphery uf the medulla, 
which receive short radial veins, which drain the lower portion 
of the I'orlex and n'ceive also the veniilii^ recta-. The 
arcuate aud aubcapaular veins unite at the hilum. In the dog 
there are found inunediately under the capoule relatively large 
vdns receiving venous radicals which drain about the outer 
half of the cortex and unite to form numerous relatively large 
veins which pass vertically through the cortex to end in arcuate 
veins, these receiving also short venous branches from the 
cortex and numerous branches fonned by union of the venule 
re<^itar. The venous system of the human kidney is in its 
general armngenient very probably much like that of the dog, 
although the preparations at my disposal do not enable mc 
to speak positively on this point. 

It is not my purpose to speak extendedly concerning renal 
■ecretion. It may be permitted, however, to call especial atten- 
tion to certain points in the structure of the renal tubule and 
their relation to the terminal branches of the renal artery. 
The regular sequence and distribution of the four types of 
epithelium to which I have called attention is to be noted and 
further the fact that all parts of the renal tubules are hathed 
in blood which has first passed through the glomeruli of the 
renal corpuscles: the small percentage of arterial Mood which 
may pass directly to the tubules, it seems to me, may be disre- 
garded. There are, as is well known, two leading theories on 
the nature of urinarj- secretion, tersely stated by Hans Meyer 
as follows in a recent summary of observations on renal func- 
tion: "Aeeording to one of these theories, which was devel- 
oped miwt fully by Ileidenhain. we have to do with a true secre- 
tory proeeaa by which water and perhaps the snlta pam through 
the glomerulus, whereas the xpeeifit! consrtituents of the urine 
■re lib^'nited from the tubules, so that the sum of both seere- 
tions is represented by the uiittlowing urine. According to th» 
other hypotheais, which wsh first proposed by Ludwig and sub- 
ac^aently modified by his succ«88oni (in a biological senae), 
there goea on in the kidney, aide by ode with the glomemUr 
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activity, dependent essentially ou the mechanical conditIoafl-| 
the cireulatiun, and independently also of the secretioa 
eertain urinarj- constituents, a process of resorption in 
urinary tubules. Through this resorption, the slightly < 
centrated secretion of the glomerulus, correspondiug to 
water of the hloiHl, undergoes eoneentratJon to a point chan 
teristic of the urine." The weight of evidence appears to sub- 
stantiate the statement that blood-plasma minus the albomi- 
nates, but with certain salts present iu the blood, is secreted or 
passes out by filtration or transudation by the glomerular J 
epithelium. What significance should be ascribed iu the procean 
of secretion or filtration to the fact that the endothelium of tba i 
glomerular capillaries, which are relatively large, is of the 
nature of a syncytiiun and preseuts minute pores (Prssoh, 
V. V. Ebner), I am uot prepared to say. It seema to me, 
however, of importance to note that it has been estimated that 
about one-twelfth to one-fourteenth of the volume of blood 
entering through the glomerular vessels is abstracted during the 
course of the blood tlirough the glomenilar vessels, and since 
about 345 to 430 litres of blood pass through the human kidney 
in the course of 24 hours, 30 litres of fluid would thus be 
abstracted from the blood and pass into the glomerular capsule 
of the renal corpusele (Tigerstedt i, the Moi)d leaving the glo- 
meruli being thus proportionately concentrated. To this latter 
fact attention may be especially drawn, sinee, as has been 
shown, practically all the blood found in the capillaries snr- 
rounding the various parts of the renal tubules is blood which 
has passed through the glomeruli and is presumably thus con- 
centrated. The proximal convoluted portions of the renal 
tubule have very generally lieen regartled as the tubular^ 
segments in which a seereti on. - perhaps a secretion of speciSi 
constitaents takes place. Distinct secretory granules such ■ 
described for mucous and serous glands have not been discovi 
ered in any tubular segment of the renal tubule, although there 
are many data at hand which are suggestive and point towai 
a specific secretion by the epithelium of the proximal convolute 
portion. We may mention, for instance, the sodium snlplfei 
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indigotate ejcperimciits of Ueideiihaio nod Kibb^rt, the detoc- 
lion of uric acid ^aimlea in this epithetiiiin and the presence 
of what hft« been regarded as secretory granules, also the pres- 
ence of fat granules more particularly in eiTtairi ouimiils. 
Uric acid and phosphoric acid appear to be specifically secreted, 
since Hans Meyer stales Ihni their quantity in the urine cannot 
be increased by any of the known diuretics. And it may be 
suggested that the presence of cmieeiitrated blood in the capil- 
laries surrounding the proximal convoluted portion of the renal 
tubules may favor the specific Hpcretion. Experimental evi- 
dence seems to favor the view that there is a compensatory 
resorption of water, perhaps also certain salts, during the pas- 
sage of the renal secretion through the tubules. The soggestioa 
is made that this r&sorption takes place In that portion of the 
medullaiy loop lined by the flattened epithelium. The arteri- 
oIr' pectro of the medulla, which result, almost without excep- 
tion, through a division of efferent glomerular branches, thus 
carrying what, for want of ii better term, is here spoken of an 
concentrated blood, are in close relation with the medullary 
loop, thus also that iiortion lined by the pavement epithelium. 
The venulw rect^e are especially numerous. This view is also 
held by Peter. The exiwriments of Hiblwrt and Iluusman 
and Hana Meyer, who obtained an increased flow of urine of 
less concentration after removing one kiduey and the medullary 
portion of the other kidney, are cited as favoring the view that 
resorption takes place in the mednllarj' loop and presumably 
in that part lined by pavement epithelium, since the segmenta 
thus lined would be removed more fully than other part* in 
removing th^ medulla. Since, however, in such experiments 
and for the tubules injured, this urine could not pass from the 
proximal to the distal parts of the injured tubules, such experi- 
ments can only be siiggestive. though not conclusive, since for 
instance it would be impotsihie to show that the distal con- 
voluted portions do not participate in this absorption. More 
conclusive seem lo me the arpiments uwd by. Peter, who shows 
that in animals with renal tubules having long medullary loops 
mad long eegmenta lined by the flattened parement epitbeliom. 
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in which there would thus be given greater opiiortunity 
resorptioD, the urine is more concentrHted, for instance, in 
dog and cat with renal tubules having only long loops 
rabbit in which these predominnte; the urine of these 
has a higher concentration than (he nriue of man and 
in which the short medullary loop, with short segments lined by' 
the pavement epitheliiun are present in gn-ater number than 
the long loops. What function may be ascribed to the distal, 
the thicker, arm of the medullary loop and th«^ distal convolal 
portion, which again has a special epithelium, is difficult to 
Metzner believes thai certain portions of the distal segment 
the medullary loop have u secretory function, while Ribl 
states distinctly that "a sepretion of specific substances tal 
place only in the convoluted tulws of the first order, whils 
the loops of Henle thi^ distal convoluted portions and the 
lecting tubules there takes place eselusively or for the grea1 
part a resorption of water." The staiiiing observed in tiu 
tubular segments after the injection of sodium sulphindigot 
may be explained by an absorption of the stain after its 
lion in the prosinml convolutt'd portion and after a cnnnenl 
tion due to absorption of water in the tubular segments line* 
by flattened epithelium, preceding the distal arm and dislnl 
convoluted portion. Toxic agents secreted from the kidney 
are said to affect first the renal corpuscle and seconill, 
distal convoluted portion, explained perhaps also by the ft 
that the urine secreted in the renal corpuscles is concentral 
in its passage through the renal tubules and it is owing to this 
eoneentration that the distal convoluted portions are primarily 
affected. On the other hand Peter stales with reference to the 
function of the distal arm and distal convoluted portion, and 1 
use his own words; "Ich glaubc nieht dass man dicscu ver- 
sehiedenen Bezirken vollig die gleiehe Aufgabe Jtnerteileu kano, 
e dem hellen diinnen Schleifenteil. — daxn sind die Epilheticn 
r zu vemchieden. " Peter, as will be remembered, recognii'.es 
rcral types of epithelium in these tubular se^^ents, which 
appeared to me not sufficiently characterized to wan 
subdivision. May I in closing express the hope that is fntt 
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experimf^otal work on the inimimAliaii kidney, due recognition 
Ik- tcivcn tn the (dructiiral and morpholoKiciil i-hHrai't^ristira of 
tbe mammalian rtiiat tulmk-. lu the rt-Ialive iwsition of its 
different segments ami to the very I'haracteriBtic relations of 
tti«tM.> ti» the terminal hrtuu-hes iif the renal vi-sspIk. 

BIBUOCRAPHV 



II dex Meiiwheii nni) ilvr Sflngelliiere 
, IHUT). 

Eiilwtekliiiifr der Anmiotciiine 



' ScJiweig^r-Sridel : Die Ni» 

ibrem feineren Bau, Uallt!, 
' Scbreiner, K. E. ; I'eber ■ 

Zcitupbr. f. wissetiwli. Z<k. 

* Iluber, O. roil : Un the Developinent anil Sliape of the Urinifemiu 

Tubalea nf eertain of the Higher MommBls, Bupplemenl l» viil. 

Iv, Auiericttu Journal of Anatomy, 1905, 
' F«li«. W.: Die Kntwickliini: des tlnmnppsmtus, H^rtwijt'ii Hanii- 

huch iler vcrfrlfii-li. uiid ^sjieriineiit. EiilwicklungBlelire iler 

Wirbeltieir, b<i. iii. theil i. 1!»06. 
' Janosik, •!.; Ubcr die Entwirklnng iler Karhiiiere |Mt-tnnepbms) 

bei d»n Aniniol^n. Arab. f. Anat. u. Eutwiekluii|>sKewhichte, 

Jahrgai«. 1907. 
•Jiigerrooa, B. H. : Zur Kiniiilnia der Cyslenbildung und der 

nnniiKJen Entwickluii); der Niere, Arbeit, imthol. In«l., Univ. 

Hebiiifffore, bd. ii, I907. 
'Stoprk, 0.: HcilrBg mir Kennlniw des Anfhnns der mentchhehrn 

Niere. Auat. Heflir. bd. xxiii, 1904. 

* Peter. Karl : UnterBDchinifieii iiber Bau und Bnlwiekehitig; der 

Kiere. Pii^ber. Jt^tia. 10O9. 

* Hanrh, E. : I'eber die Anstnmie und Entwieklnn^ der Niere, 

Aiwl. HefU'. bd. juii, 1B03. 
"ITuber, Q. Cud: The Arteriolie rwtai nf the Maiuuialian Kidney. 

American Joama) of Analiitny, vol. vi. 
"Oolobew: Ueher <Ue Blulmf^toe der Niere der BUugetiere und 

d«s MensrbBti. International Mnnatuclir. f. Anal. n. Phvu.. hiL 

X, 1883. 
° Jnhnstim, W. B.: A iteronstniclinn nf ll>e OUimerulus of tbe Hnman 

Kidney, The Juhiw Hopkin* Bulletin. Nn. 106, Jannary, IMMl. 
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IT is not any part of my purpose at this time to dwell e 
cially on the importance of antibodies in iJnmunity, rwHiv- 
cry, and treatrai'nl in infeetioiu diseases. Nor will any attempt^ 
be made to discuss the nature or the diverse modes and range o 
ac^tion of this remarkable group of aubstaiicea or the theoriea>l 
in re^rd to them. ! wish to confine myself to the discussion of 1 
Home of the aspects of the formation and fate of antibodiesil 
under various ctonditions. 

Any substance capable of inciting Ihe formation of anti-^ 
bodies, when introduced into suitable animals, is an antigen. I 
Of late it has been customary to designate as vaccines bacteria 
used as antigens after having been altered in various wayti 
and especially after having been killed by heating. Microbes 
and various niinrobic derivatives, toxins of various kinds. nA ■ 
corpuscles, and other cells as wel! aa serum constitute or con-l 
tain the most important antigens, which appear to be protein I 
colloids, and the antibodies which will concern tis most Bt| 
present are antitoxins, lysins, agglutinins, and opsonins. 



i ANTIBODY CURVE 

By accurate measurements at frequent intervals of tbflfl 
content of the blood in newly-formed antibodies, after the 1 
introduction of antigen, interesting facts have been learned in 
regard to the manner of antibody formation. The most note- 
worthy generalization so far attaine<l in this respect is repre- , 
sented by the antibody curve or curve of immunization. InJ 
this curve the ordinates represent the time after the introdno-j 
tioa of antigen and the abscissa! the amounts of antibody pn 

* Delivered Jan. 15, 1910. 
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Bent in the aerora of the animal as determined with respect to 
Bume accepted standard* 

The simplest antibody curve, that obtained by measure- 
ment of the antibodies tiiat develop on a single injection of a 
suitable ifuantity of antigen in a wholly nonnal animal, may 
be described, briefly and in general terms, as follows : During 
the first two or three days there is, as a rule, either no change 
in the previous condition, or there may be a fall in specific anti- 
body if such ifl present as often is the case; this period of 
latency or incubation, also referred to sometimes as the negative 
phase, the dnration and intensity of which are largely depen- 
dent on the dose of antiiien. is Kueceedcd by a rather sudden 
appearance of newly formed antibody or antibodies, which 
increase at first rather rapidly until about the sixth or seventh 
day and then somewhat slower until the maximum is reached, 
which in most cases aeems to take place about the ninth day; 
soon after this culmination a general fall in the amount of 
antibody begins and continues until the normal standard is 
reached. This is the third phase of the antibody curve and 
it may last in some instances only a few days, in other cHses it 
may ejrtend over several weeks, and even longer. 

lU-USTKATIONS OF THE ANTIBODY CURVE 

In order to substantiate the statement that the course out- 
lined is fairly representative of antibodies in general under 
the conditions mentioned and represents a law of fundamental 
importance in the phj-aiology of immunization, it may be well 
to refer to specific instaoees. 

Ehrlich who first recognized the double relation between 

T to delrrminp thu mnlpnl nf tho Wood in antibodiM 
K«v«r a lungrr period it is DMeeaary to make teals at frequent lotar- 
I ao aa lu obtain sutllcieDl ilala for tlip ronitnirtion of compra- 
I enrvee. For tliia purposr ttie different Hamples of sera for 
ve aliould bo tested al the same tim» uid xo far ax 
I with Hk Mune iMl-objeets. As Uie sainplM of sera ore 
1 at imeenHive bleedings (hey abuuld be stored away from 
tbs light at or below Q'V. 
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antigen and antibody waa also the first to observe that the ^ 
development of immunity as raciisiired by the formation of | 
antibodies takea a wave-like course, and Briefer and Ehrlich • 
constructed the first antibody curve by measuring tetanus mtt- 
toxin in the milk of goats immunized with tetanus toxin. The ( 
experiment was made on previously immunized animals evi- 
dently in the period of deuline of antitoxin production, and the 
immediate consequence of the reinjeetion was a fall in the 
antitoxin followed by a rise on the third or fourth day, the acme 
being reached on the fifteenth day whereupon a gradual decline i 
set in. Salomonseu and Madseu ' determined that in horses I 
antitoxin after the subcutaneous injection of diphtheria toxin j 
develops according to the same general plan, and their observa- I 
tions were confirmGd by Dean * and others. 

In these instances the curves represent the course of anti- 
hodieti in the blood after the injection of a single dose ot I 
antigen in animals in the declining phase of antibody forma- I 
tion. Much the same sort of curve results when antigen is ] 
injected in suitable normal animals that have not been immu- 
nized before. In guinea-pigs Pfeiffer and Marx ' found a I 
single intraperitoneal injection of cholera vibrios succeeded ' 
by the appearance of antibodies in the blood on the third day 
after which followed a rapid rise until the eighth day when a 
gradual fall set in. The investigations of Moi^nroth " showed 
that antirennin appears in a wave-like manner in the blood of | 
goats injected with rennin, only that here the acme was reached J 
quite early. 

According to Von Dungem" the precipitins that form in I 
rabbits after the injection of the plasma of certain sea animals I 
also describe a more or less typiral curve, the latent period \ 
after the primary injection of the quantities he used lasting 1 
about five days. Forssman and Luuilslrom ^ obtained a typical! 
curve for botulismus antitoxin after a single injection of toxin, f 
aa did Madsen and Walbum ' for antirieiu and Pamiilener* 
for the antitoxin against the bacterial luemolyslns in beef -broth I 
cultures of vibrio naskin (vibriolysin) and SiaphylococcuMi 
oureiu (staphylolysin). In rabbits injected with ox blood,] 
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Bulloch '" tntfL-d n tj'piual t-urvc for tlie specific lui-niolysiii anrl 
numerous imUiiioeit, many fnMii pcrsopnl ohaervalioD, iiiiRht be 
given of the wave-like rise and fall described by the antibodiat 
for red uorpuacleH that develop in response lo the injection of 
alien blood. 

Numerous researches have established definitely that the 
antibodies, e«peeinlly the u^lutiniiitt, for typhoid bacilli, colon 
bacilli, cholera (terms, and dysentery bacilli after ii single 
injection in the normal animal of the nspective antigen in 
various ni(KlifieatJons all pive typical curves." This also holds 
true for the pyocyaneus bacillus." the glanders bncillus," and 
paratyphoid bacillus B." 

This enumeration, whieh mak&s no claim to eompleteness, 
must include, however, a general stAtement in regard to the 
opsonins. One outcome of the n«wut investigations of this 
antibody by Wright " and others is the demonstration that 
the course of newly- prod need opsonins in the blood does not 
differ essentiully fn>m that of other newly-formed antibodieK. 

THE EFFECT OF (JtlANXirV AND MODS OF INTRODUCTION OF 
ANTIGEN ON PROPlUmoN OP AKTtBOOlKS 

The height and duration of the simple curve naturally vuy | 
much, depending on the kind and amount of antigen intro- | 
ducod. the plai-e of introduction, and in larRv measure also on 
th« individual animal, (leneral statements only can be made 
in regard to the relation tietween the t^uantity of nntigen intro- 
duced at one time and the range of the resulting curve. In 
the case of many antigens it seems that up to a eertuin point i 
the larger the amount of atitigi-ii the animal tolerates without 
Hcrioufl disturbanceii the greater the production of antibodira | 
and the longer the time before the normal level \* reachnl again, 
but in tlie citse of many antigens the optimum dose, as meas- 
ured by the resulting amount of free antibody, may be far 
below the maximum (|uuntity the animal i-ati stand. Certainly 
the yield of lUititHxliet* does not appear to increase with the , 
same ratio as the ({nantity of antigen ix increased. At I shall * 
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point out, the power of the cells to tnkf mi and diapoae ( 
antigen soon reaches its limit. Now the optimum dose of a 
gen as measured in free antibody probably should not exce* 
this limit because the antigen in excess of this limit to an exteafl 
may remain in the body fluids and by uoiting with the anti-j 
l)ody as it is produced prolong the period of latency and reduceJ 
the amount of free antibodi". 

Relatively small quantities of certain bacteria and of a 
corpuscles (lause a greater output of specific antibody on intra- 
venous than on subcutaneous injection. Friedberger andl 
Doraer " found thai 3(H:i.(XW to SJOU.OOU gout corpuscles injeet«l J 
intravenously in rabbits would raise the specific hiemolytie J 
power of rabbit aetnun 5 to 20 times above normal, which waa 
considerably more than the rise obtained on subcutaneous 
injection. Mertens secured 20 to IfJO times as much antibody 
(in intravenous as on subcutaneous injection of the same quan- J 
tity of cholera germs killed by heat. In other cases the intra- 1 
venous injection does not seem to be so productive of antibodies I 
aa the subcutaneous. This is true of diphtheria toxin and I 
Simonds had greater response as measured by Ibc opsonic 1 
index on subcutaneous than on intravenous introduction of I 
killed streptococci in rabbits. Probably the intravenous injec- 1 
tion of relatively small quantities of antigen is the preferable I 
method in many cases when it is attempted to study eiperi- 1 
mentally under comparable conditions the effect of various I 
factors on antibody formation. I 

In animala previously subjected to the action of a certain I 
antigen the mechanism of antibody production may be espe- 1 
cially sensitive to that antigen and respond to proper doses I 
more promptly and freely than is the case in the fresh animal. J 
This may be the reason of the quick rise in opsonin noted byl 
Wright and otiiers to occur sometimes on injection of speciflel 
vaccine in chronic infections. I 

When a series of successive injections of antigen are given I 
at varying intervals in suitable animals more or less complex I 
antibody curves are obtained which differ much from the simple I 
curve. It is out of qnestioa to consider in detail the many! 
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Bchemes that Iiavc l>een and nre iised tw secure a raaxiramn con. 

ceutration of antibodies in iramunization. Spe&kiDg generally, 

it is the rule in immuui nation with toxins and bacteria to begin 

with relativfly i^mall and harmless iiuantities and to reinject 

I with increasing quantitiai. earefiiUy graded in order to avoid 

ire reactions tiud prolonged drprre«ion« of antibody pro- 

1 diiction, at intervals of a few days, three or four or more, over 

I a considerable period or until the desin^d nntibody conceulra- 

tiou is reached iu the blood.* In the eaxe of honsex immunized 

with diphtheria antitoxin great variation esists in the power 

to produce antitoxin and ttooner or later Ihp power is lost to 

be recovered, if at all, only after intervals of complete rest. 

Rarely an animal is discovered iu which a sort of high ontitosic 

equilibrium is established that continues for months without 

much L'hange either on bleeding or injection of Uixin." Exp**- 

I rience has shown that uanally it is most advant«?eotM to bleed 

animals in the course t>f forced immnnization eight or ten days 

' after the last injection as the antibody concentration is likely 

to be high at that time. 

What may take place when the antigen is injected in 

increasing (luantities every three or four days is indicated by 

the agglutinin curves obtained by Jorgensen " in animals 

I immunised in that way with typhoid bacilli. This curve appeant 

to consist of a nundtcr of superimposeii Himple euni-es of 

gradually incri^n»iing height up to a masunom; the decline 

I which eventually sets in and wtntinuvs in spite of the continua- 

' tion of the injections is marked by elevationa of regularly 

' decreasing height. Dentseh found that we*-kly intravenous 

injections of smne erysipelas in grudually increasing quanti- 

I ties gave a series of curves each with the apes approximately 

I 8 to 10 days after the correspondinj; injection, the maximum 

I being reached in the fourth month." And Kamulener" by 

[ repeated injections of increasing doaes of vibriolynin and 



* The [HMsibiiity of prudacing a prDlaag«d or " cumulative " 
I DeKKtive phase in case of established infection by too large and Icra 
I frequent dose* of vaceiiic, and its daiigere lo the palieot. air *in. 
pItBslwil by Wrigbt 
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staphylolysin every aeiioad, third or fourth day for about sis 
injections produced gradually increasing but zigzag curves 
in which the maximum was attained about ten days after th< 
last injection. On the other hand, tlic curves obtuiaed 
Klien " in rabbiU* injected at iutervab of about five days wil 
progressively increasing quantities of typhoid bacilli and 
MeakiuB^- in rabhitx injected with increasing (luantiliea of 
dysentery bacilli, staphylococci and streptococci at more irregu- 
lar intervals show a steady increase of the antibodies up to 
certain point when some antibody or other would fall behii 
while others would continue to increaae, their ullimat* fate m 
having been traced. Wliclher flic iliffiTcni-cs between th^ 
curves and those of Jiirgensen and others are dependent 
differenecfi in technic must be left unsettled. 

On daily injections subf utaneously in ftoatu of typhoi 
bacilli aud cholera germs in constant doses Jorgenaen obtaiiii 
agglutinin curves with a somewhat prolonged latent peri( 
the maximum being reached a few days later than after a singl 
injection ; the curve now maintained a high level for a number 
of days and then gradually declined in spite of the coutinuft- 
tion of the injeetions. Von Dnngem was not able to material 
modify the course of the precipitins in the blood of rabbit 
injected with erab pla-sma by repeated injections during 
latent period. 

I have made observations on dt^ injected suticutaneoiisly 
every day for several months with the same quantity of goat 
blood. In one set the quantity was 1 e.c. of a 10 per cent, 
suspension of goat blood per kilo of dog, In another one thou- 
aandth that amount, and in a third uno two-thousandth. In 
all the content of the blood in tiutibodiea reacheil a fairly hi^ch 
level on about the tenth day, which represents some prolonga- 
tion of the first and second pha;«ea of the simple curves obtained 
from a single injection of any of the doees given. And in the 
case of the smaller quantitiir^s the concentration reached was 
much greater thau obtainable with a single dose, at the tiama 
time as it was maintained at a fairly constant high level I 
months. With the lai^er doses, however, the concentration 
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(he acme was iiol any gveatpr than iiHtially obtained with s 
single injection of that dose ; in the third phase of the curve 
definite rises occurred, but on the whole a steady declino 
seemed to be taking place. 

There are then various procedures that may be 
secure an accumulative and continued production of antibodii 
With small doses of iintii;en it may 1r' accomplished by daily 
injections of constant ({uantities, at leael in certain cases. With 
increasing doses the indications are that in many cases the 
best results are obtained when the injections are made towi 
the end of the second phase of the simple curve, the new 
Mtarting, so to speak, from one of the levels of the previoi 
curve. It appears, however, that animals under the coutinuoi 
influence of antigens eventually lose the power to produce ani 
bodies and th»it in cases where different antibodies are fonni 
at the same time this loss of power may occur earlier for aoi 
antibodies than for others. 

McClintock and King" were able to produce a considerabi 
degree of immunity in animals by the oral administration 
toxins at the same time as digestion was inhibited by suital 
means, but as yet the exact course of the antibodies in the bit 
under such conditions has not been traced. 



il<r ■ 



THE SIGNIFICANCE OF THE ANTIBODY CURVI 

From the foregoing statements we are warranted in con- 
cluding that the antrbodies which form in response to antigens 
in animals of different species appear to pass in and out of the- 
blood in a simitar and typical manner, at least when the coa-| 
ditions are relatively simple and uncomplicated. The clo« 
similarity in formation of various antibodies in different speciei 
indicates that the mechanisms of immunization are govemei: 
by the same law and constitute physiological entities. Takian 
the curve as a whole it represents the rise and fall of free antiJ 
bodies in the blood after immunization. To explain the i 
and fall of diphtheria antitoxin Salomonsen and Max 
saeumed that production and destruction of antitoxic sube 
take place at the same time. Asgnming this to be true of anti*! 



FORMATION AND FATE OF ANTIBODIES 



139 



bodies in general, theD we may regard the antibody eur\'e in any 
part of its course as representing the balance between produc- 
tion and loss of antibody. On the basis of this view it is evident 
that during the second part of the curve the amount of anti- 
body that ia being produced exceeds increaitiugly the amotint 
that is being lost and consequently antibody accumulates in the 
blood and other fluids. When (he acme is reached production 
and loss are equal, but the production soon falls so that it no 
longer makes np for the loss and the curve gradually sinks 
until A permanent level is reai5hed. The primary fall, so often 
noted in the curve, was first observed (Ehrlich) in animals 
that were reinjected during the declining phase. It also occurs, 
though apparently not alwaj-s, when the blood normally con- 
tains antibodies for the antigen injected. By Ehrlich the fall 
was regarded as the result of neutralization by the antigen of 
antibodies in the blood, hut in many instances the amount of 
antigen introduced hardly seems enough to aeconnt in thi« 
way for the fall observed. And there is room also for the con- 
ception that the autigi'U, at least in part, proniplly is l>ouud by 
cells whose power to produce antibodies for a period may be 
I hindered soon to be resumed at increased rate. In the mcan- 
J lime th*- temporary depression of function in ciinjunetion with 
1 possible neutralization by antigen of autibodiea in the blood 
1 regiatera itself in the primary fall. 



[ THE RELATION OF NBWLY-FOBMKO T<) NORMAL ANTIBOMBS ANIi 

THE EFKECT OP THE PBERENCE OP WtEPOBKKD ANTIBOOIES 

ON THK ACTIVE BESI-GNSK TO ANTIOEN 

The blood of variona animals, including man, nonnally 
[ eontains small amounts of a large numlK'r of antilwdiea. As 
in the case of many animals, the blood of normal human bcinga 
contains lysias, agglutinins, and opsonins for many different 
bacteria and red corpuscles. Other antibodies are also present, 
such as antitoxins. Small amounts of diphtheric antitoxin are 
present in the blood of new-bom infants. These so-called 
I normal nntilxoli™ which appear H« arifte in the course '>f normal 
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metabolism usually tnainlain a fairly constant balance b 
production and loss in health. In many instance's tbey hav 
been found to possess spetrific affinities for antigenio aiibstonoi 
and tiierc are grounds for the view that they are not essentia] 
different either in stnicturf or olherwise from the eorrespondj 
ing bodies that are produced on immunization. One impoi 
lanl reason in fnvor cjf this view, it seems to me. is the fact t 
the primary fall below nomial may o?cur when jui antigen j 
introduced in a normal animal in specific, that is, alfects otil 
the preformed or normal Hntibotlies for the i)artieular i 
terium or corpuscle injected. Against the view that i 
nization there is produeed an increased quantity of some prt 
existing antibody or antilKidies may he urged the fact thai 
instancefl occur in which the antibody produced by immoniu 
tJon appears to lack the normal nnalogue. Thus normal f 
blood is said not to contain antivihriolysin which is produce 
when goats are injected with vibriolysin. and Von Duog« 
failed to find any precipitin in normal rabhila for the plai 
of certain sea animals. It is possible that in cases of this kind 
minimal amounU only of the aiitibiKly occur normally. 

That diphtheria toxin in certain animals fails to give t 
to antitoxin on intravenous injection has been ascribed (Dzien 
powski) to neutralization of the toxin at once on its injeotioi 
by antitoxin normally in the blood. (That subcutaneous i 
tion of toxin does evoke the formation of antitoxin 1 
nccounted for by loo^l production.) Leaving aside the questioi 
whether the explanation is correct or not. the facts with rtttt 
ence to the eflfect of prefonned antibodies on the response 1 
other antigens are (juite different from those assimied to 1 
true with respect to diphtheria toxin in this explanation, 
facts are thai normally the blood may contain vastly more Roti- 
body than Hiifficient .to completely neutralize the amount of 
antigen which when intriMiucpd in the bhMid n evert he leas gives 
rise to the fonnatioii of antibody. Thus botulismiu antitoxin 
is formed on intravenous injection of toxin, notwithstanding 
the fact that the blood of the animal normally in a few oubic 
centimetres contains antitoxin enough to wholly neutraliatJ 
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k ri)|HiH>iliriliii injected. Iq view of these £scte we may 
PMMK||^i(9' '^"'' ^'h><*'i pt'fxliK'e antitxKiira in tnnn.v if not 

[n actively inunnni«'d animals we know that even when newly- 
lormed antibodies are present in th« bloud and nther fluids In 
relatively large amonnts reintroduction of antigen may increaae 
anew the output of antibodies. In this case there is no iudica- 
ion that neutralisation of antigen takes place to the extent 
that seeniB possible. It dot* look, however. a» if thu affinity for 
antigen on the part of the cells charged with forming anti- 
jodies becomes augmented in the course of the active pcrfomi- 
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an« of their function. It has heen found further Iba 
duction of antibody at the same time as antigen, 
or mixed with it, may give rise to antibody pniiiui'tio 
methods of immunization based on this principle 
d*'vi)*.*d by ('Hlmi'lte and by Besn^^lka. Th.- injection 
with mixtures of typhoid bacilli and agglutinating ra 
was found by NicoUe to incite the formation of a 

diphtheria toxin and antitoxin that produce no lo 
•nd no constitutional disturbances. In addition to 
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obvioQB explanation of such phenomena we have the 
by ForsBinau in his attack ou Khrlich's theory, namely, that 
antigen proper and the Bubstance that unites with the antil 
are different substances. But this view, although it migri 
appear to simplify matters, does not seem to me to harmon 
well with some of the results obtained on active immunizatii 
of passively imnumized animals. In animals injected with 
typhoid or cholera antiserum, Jorgensen and Madseo ** failed 
to obtain any evidence of active production of antibodies on, 
subcutaneous injection of the respective bacteria in quantiti* 
that in fresh animals result in typical curves. In this case tl 
antigen appears to become neutralized. Tallqiust" obtaini 
analogous results on combined passive and active immunization 
against vibriolysin. He found, however, tliat if the toxin u 
injected intravenously in the passively immunized animals an 
antibody curve of small range may be obtained ; furthermore, 
that an active curve results if the antijri'n is introduced intra- 
peritflneally or subeutaneously immediately after the auti 
is injected into the L-irculalion; but if the preformed antibodi< 
have circulated in the blood for two hours or more no acti' 
curve results if antigen is injected extravascularly. It is nol 
worthy that in these experiments Taltquist used an alien antil 
serum for the passive immunization. 

We may conclude that under certain conditions of 
immunity the circulating antibodies do hinder union of anti| 
with antibody -producing cells. This fact would speak agai 
the view advanced by Forssman. That antibodies are form) 
in passively immunized animals when antigen is introduci 
directly into the blood indicates again a special affinity f< 
antigen. When the antigen is injected subeutaneously 
process of absorption may give the antibodies a better op] 
tunity to bind it firmly, 

THE POBUATION OF DDTRRENT OR SJSTGR ANTIBODIES FOB '. 
S.\Me CELI. 

In many investigations on antibody formation after 1 
injection of substances, some of which contain distinct anti- 
ge3i8, attention was first centred on the study of some Biogla 
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antibody, e.g., of agglutinin on the injection of tjrpboid bacilli 
or of tywii on the injection <>f Jtlien mi i-orimselt^. In such 
cases several kindit of antibodies sro developed; typhoid bacilli 
and alien corpuscles in suitable animals givo rise to specific 
lymns, specific airgtiitinius and specific opsonins, and probably 
also other specific bodies. In some cases different antibodies 
appear to be increased in <he same proportions and to describe 
parallel curves. This is true of the Ijmin, sgghitinin, and 
opsonin for goat (.*orpuBcles in the blood of dogs injected with 
goat blood. Bnt the serxun and the other fluids of dogs injected 
once with rat corpuscles may give marked rise in the agglutinin 
and opsonin for these corpuscles but not in the lysin. After 
a single injection of dead typhoid bacilli in man the agglutinin 
does not fall at the same time as the lysin and the oi)soniu. 

Lack of parallelism has been noted also in the course of 
immunization by repeated injections at intervals of incretwing 
doses of antigen. At (iret the antibodies may all inorisase at 
the same rate, the agglutinins later falling behind, ae in 
Klien's experiment with typhoid Imcilli," (ir ihe Ij-sins and 
Dpitonins may decrease while the agglutinins are still increas- 
ing, as in Meakins' experiments wilh dysentery bacilli." In 
rabbits progn-ssively immunized against staphylococcus and 
streptococcus Meakins obaer\-ed a steady rise in opsonin, but 
only an insignificant increase in ajncb'tinin and lysin. 

This asymmetry in the curves of the antibodies educed in 
the same animal suggests that we are dealing with distinct sub- 
stances, the production of which is dependent on similar yet 
not identical mechanisms. 

MULTIPLE IHHUNtKATION 

The influence of the simultaneon* or sueceasive introduction 

of difttinct antigens on the production of the corresponding 

1 specific antibodies is of interest because of ila hearing on certain 

\ aspects of mixed infections. Several wrilere " conclude that in 

multiple infections and imniunitation the production at the 

■ same time of diffi-rent agglatinins rakea place without any 

change in Ihe onset, intensity, and duration of the production 
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of any single agglutinin wliicli is irlHimed to pniceed as in iuleo 
tion or iinmiiiiization with the single bacterium. 

On the other hund, Iversen '" Hnd Kmiis found that aecooit 
sry infectionti, espeeially pneumonia, in the course of typhoid 
fever depruas the aj^lulinu) turvo. In mbbita infected with 
typhoid bacilli or with rahbit septicn-mia, Priedberirer " found 
a considerable diminution of the production of amboceptors 
for ohoiera germs. I have repeatwlly observed that in dogs ia 

production of unlilxidies for the alien corpuaclts (see Table I>, 

Tablb I. Th» Inhibitivb Errmcr or Imtkrcurrest Pnbimonia o» thb 
Formation or Snscinc Lthim in Dogh Injected with Uoat Blood. 
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TiM tgum pn th« dilutioa at At hMUd mram at «hich !>■■ el loM oorpuMlfl^H 

Working with diind typhoid and colon bacilli Jorgettaen *'^| 
found that injections in the second phase of the curve — 3rd to^H 
!tth day— of cither the antigen already introduced or of some ' 
different antigen produces a relatively small development of 
antibodies. Analogous facts an- reconli-d by Von Diingern in ^7 
regard to precipitins. I find that the simultaneous introduction ^M 
in dogs either »ulieutaneouHly or intravenously of two or lhrM^| 
different kinds of alien corpuscles in moderate doses may reHuU.^| 
in the production of less antibody for any one corpuscle thaai^H 
when the same amount of that kind only is injected. Further, ^M 
^^ that in dogs injected with alien corpuscles the injection of &^| 
^K different corpuscle n few days later may give less antibodies for^H 
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either €t>rpu«-'li.' Ilimi an- iimially oltlaini'il when but om- iiijw- 
liitti is miidf. Thu upparvnl inability of the il<>g viben lultueue^ 
by more than out* aiitigi.-n to prixhice an,v of the respective 
spec-tlio antibodies to the same extent as any single antibody \» 
Iirodutfd imd^T the intluene^ of the i-urrespomlinir antigen 
only, might b*- taken lo indieatf that largely the Aauii.' met-han- 
isnia or gruup» of cells pruduee nil antibudiw). It wuuld be 
different if dislinrt groups of cclU were charged with the 
eseluBJve production of definite antibodies. Crippling of the 
mechaniiims uf antibody funnation by the simultonenuii or suc- 
ceKsive introdiietion of different antigens might be urged in 
explanation of the gravity of many inixed and aeeuudnry 
infectious. The leaKeued resistanw t» streptotioccua and other 
infections of the acute infectious diseases, notably smallpox 
and scarlet fever, and of tuberculosis ma^' deiieud in large 
measure on the inability of the wlls eharged with the produc- 
tion of antibodiea to respond freely to the stimulus of more than 
one antigen at a time. And the aggravation of the primary 
disease, e.g., tnlwrculoais, on the occnrreuce of a secondary- 
infection may depend on depression in the manufactare of 
tuberculous antibodies by the antigen of the new infection. 
This possibility is illustrated by the auHpension in a tuber- 
eulouB person of tlie (nlH-n^uHu rfaelion by an attack of measles. 
Here we can assume with Von Pirquet " that the measles anti- 
gen suspends the production of the nntilxKlies on which the 
tuberculin reaction depend;*. In connection with this may be 
cited the observation by Kansom that in a calf the loss of 
tetanus antitoxin, introduced in kindred itenim, wait ()uit« 
gradual until the 45th day when tuberculous toxins were 
injected. This was followed by fever and rapid fail in the ' 
tetanus toxin — a possible hint to the efTert that the loss of 
antibodim may Ik- hastened under niirh condititmH. 



OS THK PISTHIBlTrON OP ANTIBKDISS IN BUUD \Nn OTHER FLUIDS I 

In his classical experiments on immunity through inherit- 
ance and nunnntt, Ehrlich" di-nion^itrau^ that in active immu- 
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quantities, ami Brieger and Ehrlich "" constructed our firat^H 
antibody curve by meanii of data ohtaint'd by measiirempnt of^H 
the tetsniiH antitoxin iji tlu- milk of inununized ^'oats, Sinc«^| 
then other antibodies have be«n found in milk and the occur>.^H 
rence establiehed of antibodies in transudates and other flaids^| 
besides the blood, as. for instance, of destructive substances for^| 
typhoid bacilli in the thoracie lymph by Meltzer and Norris ";^H 
but systematic study on the Sistribution seems not to have be«n ^M 
made imtil recently." In a number of instaoces it is found that ^M 
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jiqueo»ia humor; and at the 
elslive concentration rema 
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ess in the neck lymph, while traco 
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r study of the distribution of anti 
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wbite rata and of goats. Only one injeclion was made, the 
amount being 1 c.c. of a 10 per cent, suspunsion per kilo of 
the weight of the dog. The animals so injected were killed at 
differeat intervals after the injection and the amount of anti- 
bodies in the blood, lymph, etc., carefully determined. In this 
manner estimatioos were secured of the antibody content of the 
fluids examined at various stages of immunizutiou. 

The results show clearly that so far as the blood, the lymph 
from the thoracic duct, and tliat from the ue^k arc concerned 
the changes in the conueotration of the antibodies during the 
course of active immunization run practically parallel. This 
applies to the Ij'siD, s^Iutiuio and opsonin for goat corpuscles, 
and to the agglutinin and opsonin for rat corpuscles, no 
increase demonstrable taking' place in tie lysin for rat cor- 
puscles. The coticeutration in the two l>-mphs is about the 
same and always somewhat lower than in the blood-semm, 
but in the case of lymph as well aa blood, composite cun-es,— in 
which the abscissiv mark the day after injectioo on which the 
dog was killed and the fluids collected. — correspond quite 
accurately with the simple curve obtained by determinations at 
short intervals of the content iu antibody of the blood of the 
same animal. We may say then that in dogs injected with 
goat and rat blood the newly formed antibodies in the lymph 
appear and disappear at the same time and describe the same 
wave-like curve as that in the blood. 

As regards tin- corebrospiiial Huid and ai|ueoiii« humor of 
doga injected with goat blood, there was a complete absence in 
these fluids, at any stage of the reaction, of agglutinin. Lysin 
and opsonin, however, were present in both the fluids during the 
period of high antibody content in the blood and lymph, hut 
only in traces. It is noteworthy that in dogs injected with rat 
blood, opsonin only was demonstrable in the cerebrospinal fluid 
in which it gave a typical antibody curve suggesting that an 
easy passage exists for this antibody. (The aqaeous humor 
was not studied in the rat dogs.) 

In dogs transfused with the blood of actively immnnized 
dogs, the antibodies may !«■ detected in the thoracic and neck 
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lymph in from one-half to three hours and very soon the 
relative eoncentration of antibodies in lymph nD<l blood is 
established aa in normal and in actively immunized ouiuinls. 
Uenre it Beems probable that in active immunization the dis- 
tribution depends on the i-elative antibody conteul in hlood 
and IjTnph rather than on place of formation of antibodies 
and that tbe rate of passage into the lymph probably is iu part 
dependent on the coocpntration in the bloot). 

ANTIBODY rORUATION IN ACUTE INFECTIOUS orSEABES 

Specific antibodies are produced in microbic diseases in 
response to the action of the infecting a^nts whicb contun 
antigenic substances. Naturally the degree and manner of 
formation of antibodies in infectioiu diseases are subject to 
variation depending on the nature of the infection and other 
factors. While there is still room for much ayslcmatic slud>' 
in this part of the physiology of infectious diseases the facts 
at hand appear to warrant certain statements of a more ur leas 
general character. 

In several acute bacterial diseasea tlie course of specific aoti- 
l>odies for the infecting agent in the typical attack terminating 
promptly in recovery without complicatious resembles alto- 
gether that of the antibody curve obtained after a single injec- 
tion of antigen in a normal animal. This has been found to 
hold good for the pneuraococco-opsonin in pneumonia," for the 
streptococco-opsonin in erysipelas," for the diphtherio-opaonin 
in diphllieria," and also for the diplwoccus of Laveran in 
mumps," It is of interest to note that n rise in diphtheria 
antitoxin occurs in spontaneous recovery from diphtheria." 

The streptococcus opsonin presents characteristic variations 
in scarlet fever and we have in this fact an additional direct 
indication that slreptococcua from the beginning plays an 
important role in scarlet fever whether it be regarded as the 
primary e^use or not. I say from the beginning because the 
curve preseQts a degree of parallelism with the phenomena of 
the acute stasc of the attack, — showing an early fall and rising 
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the ayTuptmns abatp, — so thai strcptopoccus itirtrction must 
be the cause of at least some of these iihenoinena." 

In Bcute nrtifular rheiimatiam the opBonic index fop Micro- 
coccus rheutnalictis and Streplocwruii pyo<irne» folKiwa the 
wme etmree." As new joints arc iuvolved and fever develops 
the index falls below normal, and un improvement of joint and 
ayroptoins the index rises above normal. In certain forms of 
aente otitis in which pMeudodipbtheria bacilli are dominant the 
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y eover a wide rantro, Ihe 
chaiigt^ in the elinieal 



lopttonie index for these baeilli ] 
I changes often eorreaponding 
I vymptoina." 

In the diseases mentioned the specifie opsonin pmctiettlly 
lis the only antibody for the hneteria in qu«!*l)on that under 
Kpresent cinrninKtaiie«i permits of measurement. The t-urvex 
lobtaioed all ahow rertain definite r«la1JonM to the elinieal 
Ipbeuomrna: During the early stages when the symptoms are 
■f ronniineed there is a more or leas distinct fall in the amtmnt of 
Ispeeiflc opsonin in the blood. As the symptomsi begin to sub- 
ido the curve rines, mggestini; that more antihixly is being 
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set free than neeessar^' to neutralize the pathogenic substane*. 
The curve usually reaches the highest point one or two daya 
or mure after the symptoms have passed their acme and thea tD 
many cases it falls rather abruptly as if the production of 
opsonin falls suddenly while a relatively rapid loss ooutinues. 
The course of the curve is readily affeeti'd by complications, at 
the onset of which it cuamionly undergoes a distinct depressii 
In rapidly fatal cases, for instance of pneumunia, the curve mi 
nut return from the primary fall hut aiiik lower and lower, 

Most of the measurements, on the basis of which the fore- 
going statements are ventured, have been made by meanit 
of Wright's opsonic index. In reply to objections as to 
the reliability of this method, I would point out that the 
results obtained in the different dist^ases and in different cases 
of the same disease appear consistent ; that in scarlet fever, 
diphtheria, and pneumonia independent observers have repoi 
similar results; and finally that the dilution method whenevi 
used has given results that compare closely with those given 
determinations of the opsonic index." For these reasons I ha' 
no doubt but that the opsonin curves in question closely repi 
sent the actual facts. At the same time I am not blind to thtf 
chances for error and the inherent shortcomings of the method 
for determination of the opsonic index. I would emphasize 
especially the fact that inaamuch as different bacterial and 
leucocytie suspensions are used in the different determinations 
the results cannot be as strictly comparable aa they would bo 
if all determinations could be made with the same suspensions 
and at the same time. And it is also evident that in the com- 
parison as now made Wtween the opsonic power of the fresh 
senun of Ihe patient iind the fresh serum used as the normal 
standard, no account can be talcen of the effect on the opsonii 
power of each senim the differences in the proportion betw) 
the specific heat-stable opsonic element and the heat-sensiti' 
element or opsonic complement of the two sera must have. 
Assuming on the basis of the duplex constitution of opsonins 
that, in the case of this antibody as in the case of the ^mllarly 
constituted lysins, it is the heat-stable elonent that is isi 
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in inmiaaizslioa. there can be no queslioD hut that a more 
reliable method of determination of the opsonic antibody in 
infections will be found in meastircnietit of the heat-atable 
elemeut by itself. But discusNion of the means by whieh this 
may be accomplished need not detalu us now. 

The conditions arc more complieatt-d in eholopa, dysenterj", 
and typhoid fever in which it is possible to follow the course 
of at least thrve antibodies at tbe same time. In cholera 
Amako*' found the opsonin, a^lutinin, and lysin curves to 
run practically parallel in the mild eases and tbe cases of 
medium severity. The curves obtained resemble the simple 
antibody carve, the uc^gative phase being more pronounced, 
thf acme higher and the fall K-w rapid, in the wvi-re thHii in the 
mild case. In extremely severe and foudroyant cases there was 
no evidence of antibody formation ; in the so-called cholera- 
typhoid cases the negative phase was prolonged and the lysin 
curve rose earlier than the opsonin and agglutinin curves, thU 
curve being the only one that he obtained in some cases. 

A somewhat different type of curve is presented by typhoid 
fever, especially with respect to tlie agglutinins. According to 
the careful observations of .lorgcnsen.'* the ai2glutinin forma- 
tion in typhoid fever in riiosrt eases begins in the first or the 
early part of the second week of the disease. The maximum is 
nsually reached in the third week — according; to Iversen as a 
rule about the 20th day. lu some instances the period of 
latency may last much longer than indicated, but it must be 
remembered that it is often diRicnll to determine the exact 
periwi at which an attack of typhoid fever begins, lu the pro- 
longed latency and the length of time intervening between the 
onset of the infection and the seme of the agglutinin curve of 
tj-phoid fever, this cnrve resembles more the curve giv«n by 
animals which have received duily injection* of tyjihoid bacilli 
for some time than the curve given by animals which have 
received but a single injection of antigen. In some cases of 
typhoid fever the at^lutinin curve begins to fall while the 
infection is still more or less active and herein we see still 
fartlier rewmblance t« the curve of daily injections of antigen 
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in whii-li itu' full iiiit.v lii'triii tuiil pi'rsisl wliilc tin- iiijivtinr 
continued. This is all in accord with the character of tha| 
typhoid infection which we know continues mure or less i 
tcred for a considerable thou^ch variable number of days and! 
stihsid<^3 more or Ichs gradually so that the agghitigens i 
other ttiitigena are not received in one concentrated doae i 
were, but continuously so long as the infection lasta." 

Whether the curves are parallel in the latter part of thfti< 
course has not been determined. Scattered observations Mh»il| 
that typhoid agglutinins and opsonins may remain above norma] 
for several months and even yeai-s after con va leave ncc. Il mtj 
Ihj that in such cases the bacilli persist in some part of the h 
and there maintain a more or lens plentiful supply of snti^ti: 

The course of the lyain and opBonin in typhoid fever \ 
not been followed so closely as that of the agglutinins, 
results obtained by Richardson,"" by Stern and Korte," 
others from study of the lysin, and by Aaaer,"' Clarke and 
•Simonds,''^ and Bobine°' from estimations of the opsonin indij 
oate that the course of these three iHxIies is essentially the Si 
at any rate so far as concerns the first and second phases c 
the cur\'e. Uuethgeus" and Hamilton"' find that while I 
opsonin returns to uomml in three or four weeks after uompleU 
r«;overy from typhoid fever, in chronic carriers it may I 
increased so much as to be of diagnostic value. A systcmatii 
study of the antibodies in typhoid and paratyphoid fever I 
meana of careful, simultaneous measurements in each ( 
the series would surely develop facts of great inten-jst." 



• According In Bert and Lttmb " in shorp attai'ks ol* Mnlta tcrt 
laslhig a short time only, a^utinins appear in large quantiti«j 
early in the diseiura and remain nearly coiutant until coiivatescenoj 
U established. In cases that set in ariilely, but become subaeiiMI 
or chronic, ai^lutiniu is present in lar^ qnantil; early but in lot 
and variable anioanle in later stages. In severe eases ending fat 
in a short liac ngghitinina develop in small amount only and i 
severe ca^es running a prulutigvd course with one or two relapi 
oggluttiiina niny be present iu lar^ iguantiliee early in the di*eM 
but disappear almost wholly before death. 
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The formation of antibodies fiirniBhes many clifBcalt prob- 
l«iiM, one of which coneerns their place of origin. So far the 
principal fxperimpntfil investitrBtioiiK attackinif this pmbletu 
dirvctiy have dealt largely M-itli untiboiUes for bacteria. 
Pfeiffer and Mars." Ueutseh." Wasserniann. and others 
obtain*^ results that point to the blood-makinff orgrans as th« 
neat of formHliiiii of the antibotliei* for cholera and typhoid 
genns. Pfeiffer and Marx brought to liuht the fad that after 
inji^tioD in ifuinea-pigs and rabbits of cholera bacteria, 
hy heat, the npleen, the bone-marrow, and the lymph- 
I show a definite increase of specific antibodies before any 
increaae can tie iletct^l*^:! in the blood. A little later these tissues 
become less at^tive while the blood steadily irains. From this 
result it was inTerred that the antibodies either arc formed in 
the hlood-makinn organs and given off to the blood or that they 
are formed elsewhere and stored temporarily in the orf;ans in 
(juestion. However, as no storafre in the spleen could be demon- 
strnted in passive immunization and aa the leucoeytea in actively 
immiuiized animals at no time were found to contain as much 
antibody as the serum or plasma it wa.s eonnlnded that the seat 
of production is in the spleen and other lymphoid structurca. 
Certain results of splenectomy favor this view. In guinea-piga 
Deutseh found that splenectomy soon after the injtxjtiwn of 
typhoid bacilli reduced the production of antibodiea and that 
if spleens so removed were placed in the abdomen of normal 
animals antibodies soon appeared in their blood." On the other 
hand, splenectomy some days before the injection seemed to be 
without any effect, and Pfeiffer stkI Marx fiiil*-d to find that 
apleneetomy exercised any effect on the production of cholera 
antibodiea in guinea-pigs. In my own experiments on dogs 
injected with alien lilood, spli-nivtomy jnst b<sfore and jtiat 
after the injection has Wen followed by a much lower but other- 
wiw typical anliliody eiir%-e Ihim is unually the eiwe in dogn 
under otherwiite comparable conditions. If antibodieii are pro- 
in the blood-making organs a eertain amount ithould hn 
in 8plcnc<?l<>m)Ked animals by the boao-marrow and 
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lymph-nodes in which we would expect even a higher degree ofl 
Hctivity than usual in order to make up for the loss of I 
spleen. 

Acute loss (if blood, as 1 shall point out shortly, haa been] 
round to increase the formation of aotibodieft in immunized, 
animals; this points to the blood-making organs ais u principsl 
factor in their formation. The same inference may be seen inJ 
the fact that under certain circumstances the exposure oH 
immunized animals to X-rays prevents the appearance of anti-J 
iMKlies in the blood (see p. HI)). 

Certain facts are interpreted as showing that antibodiM 
may be produced at the place where the antigen is introduced.! 
The most important observations on this point are those of ' 
Romcr*' and of Von Dungern "' to llic cffn-t Hint on immuuiza- 
tion by way of the conjunctiva or the anterior chamber specific 
antibodies may be demonstrable in the aqueous humor before 
they can be detected in the blood."' Naturally the questioa 
arises as to the possibility in these instances of importation o£ . 
antibodies produced elsewhere, and Metchnikoff ascribes tfaein 
source to ai'ciimulntiug Icucoeylfs. I 

Forsaraan ** obtained botulismus antitoxin on single inttji- ^ 
venoua as well as subcutaneous injections of toxin. The two 
curves differ considerably, the subcutaneous curve reaching itt 
highest point on the 15th day and the intravenous on the lOth, ^ 
Ihe latter being the lower of the two. He interprets this differ* 
ence between the curves as evidence that different cell-groupi 
with different secretory power are thmwn into aelivity. On tho^ 
basis of this view there might be obtained, as Fors.sman points 
out, as many curves as there are distinct antibody prodacin) 
tissues ; thus there might be a renal curve, a cerebral carve, etc * 
In all these instances the blood curve would have to be reck- 
oned with because of the absorption of antigen into the blood, 
and it may well Iw that Ihe difference in Forsunian's curves irb 
the result of the difference in the mode in which the antigenfl 
enters the circulation on intravenous and subcutaneous injeo^ 
tion, in the former case rapidly, in the latter gradually aa^l 
much more slowly. For the same reason the greater yield olM 
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antitoxin in hones injei'ted subeutaDeously with diphtheria 
toxin as compared with that in horiwB injected intravaseularly 
does not necpssarily prove a local prodaction of antitoxin at 
the site of inoculation. 

The suggestion is often made that antibodies are formed in 
the bIo(»d it«t>lf by the leucocytes. There is, however, no con- 
clusive evidence that this actually is the case. Recently Dreyer 
and Walker " report that in the early stages of agglutinin for- 
mation the serum contains more agglutinin than the plasma 
and they regard this excess in the serum as coming from disin- 
tegration, during clotting, of the leucocytes, which they hold 
either produce or carry agglutinins. But Petterason "* and 
others, notably ^^hneider,*' did not succeed in extracting from 
leucocytes of immunized animals any substance that may be 
classe<l with Ij'tic amboceptors or agglutinins. 

Now if antibodiea are formed by the blood of immunized 
animals it wtuild l>e reasonable lo look for their production in 
dogs transfused with the blood of dogs injected with goat 
blood — 1 c.c. 10 per ceut. suspension per K, which is an 
optimum (juantity with respect to antibody formation^— a short 
time previously. But in experiments of this nature by Dr. 
Carlson and myself we foimd that no pro<lucti<>u took pluc«. 
In the recipients of blood from dogs in the second phase of 
antibody formation, — p.;;,, 4th or 6th day. — the antibody course 
is typical of passive immunization as estahlixbed by Madsen and 
others, the decrease taking place rapidly at first and then more 
slowly. Neither in this nor the other eaw^ was there any Evi- 
dence of formation of antibodies in the transfused animal. Our 
rcsultit warrant the inference that in some animals certain 
amounts of antigen are (]uickly removed from the Mood nr in 
some way so changed that tbe antigenic properly is lost. In 
full accord with this result ox to the rtH'ipicnt is the fact that 
the now formation of antibodies proceeds in a perfectly typical 
manner in donors that are transfused immediately from healthy 
dogs, the curve in some eases reaching n verj- high mark, poa- 
aibly on account of the stimulus of the lom of blood on the 
blood-forming organs. 
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It is reasonable to asaiiiue that the power of the antabodf- 
forming cells to tnke up antigenie substanceo sooner or later 
reacheH its limit. If that be the ease the (|iiaDlity of antigen in 
txuesa of this limit might remain in the circutating blood for 
some time after its introduction. After the iiijeetiou of rabbits 
with 30-3r> ex.. of ok blood freed from Merum, Sachs •» found^^ 
by means of a specifie lysin, which did not lake rabbit coi 
puscles, that ox blood remained free in the rabbit blood for tw 
to three days and even longer, diaappearine in a more or lot 
eritical fashion an the lytic amboceptor w«a pro<liiced i 
response to the immunization. Free exceas of antigen may b 
detected also by the method of transfusion m shown by tfa 
following experiment: The donor was injected with 1 c.c. o 
goat blood per kilo of weight 14 hours previously; just befoi 
the trunsftisioD TtOO c.c. of blood were removed from the nwipi 
ent; the transfusion was continued until the pressure reachei 
normal: the 500 e.c. of blood removed from the recipient wei 
dclibrinated and infused into the donor. The following tigiire 
give the highest lytieally active dilution of the serum of th 
recipient in the presence of 0.2 e.e. of a 5 per cent, suspenaio] 
of goat uorpuscles and 0.012 cc. of fresh >ru>nea-pig serum: 

HICUBSTAOTIVI 

Du.unoN or sbsdi 
1536 



fi 153fi 21 192 

So far as the amount of iysin in the blood of the reoipit 
indicates a small (|iiHntity only of antigen was intn>duc«d 
the transfused blood. Evidently the larger part of the gi 
blood had been removed from the blood of the donor, and 
the antilvody-forniing cells took part in this removal is ind 
cated by the fact that antibody formation proceeded withot 
disturbance, the senun on the sixth day cauetng lysis in a dill 
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I of 1 h) 36864. These results also support the view that 
I are produced outside the circulating blood which 
Bter at the end of the latent period. 

THB EFFECT OP ICtJTE ASJElSlJi ON ANTIBODY FORMATION 

In view of the strong indications that the blood-forming 

I organs are the principal seat of the production of antibodies 

I it is of interest to inquire what effect, if any, acute loss of blood, 

I which wc know profoundly inHucnccs these organs, may have 

I on antibody formation. The earliest observations on this point 

I are those of I{ou.t and Vaillard •' who found that in bornea 

I actively immunlKed against tetanus toxin, bleeding caused a 

I drop in the antitoxin content in tfae blood, succeeded by a sharp 

I rise in a short time. They suggested that the immunizatioa 

I had BO changed certain cells that they could replace antitoxin 

[ just as other products of cellular activity are replaced. Salo- 

I Rii>ti«<-ii and Madsen '" np|ili<eil Ihf wunc cxphmntion to Ilic 

j increase of diphtheria antitoxin in the blood after bleeding. 

I By repeated bleedings during the third fitage Schroeder " found 

I that Ilie agglutinin curve in ihe WikhI of tuiinials injected with 

L tj^ihoid bacilli could be kept up for a considerable time after 

it usually reaches low level and in some instances even increased 

I above ihe foniier maximiiin. In iriuuiiui/.eil rabbits a.s well as 

in typhoid patients each bleeding was succeeded by a fall and 

then by a more or less well-marked rise. Madsen and Tall> 

<)uist " show that certain poisons that de.stroy red corpuscles 

increase the production of some antibodies by virtue, so they 

bi-]ieve, of the same mechanism n» that whereby hemorrhage 

I exercises its stimulative effect. These observations were made 

during the period "f di-clinf in anlilmdy priMluction and the 

fjueKtinn might be raised as tn whether the rise of antibody in 

the blood after bleeding might not be caused by absorption from 

Ilie lymph. It has been shown further that loss of blood io the 

earliest stages of immunization appears to increase production 

of antibodies. In rabbits injected intravenously with small 

(]Uantities of goat blood FHedlH'rger and Domcr " found that 

moderate loss of blood would increase the amount of hffjnolysin 
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eonsiderably above that in the controls and especially if t 
loss were siuitained on the first day after the iDJection of tlw 
antigen. Fri^dber^er made analogous observations with respect 
to cholern lysiiis. Certain hjemotoxic antigens give higbei 
body curves on intravenous than on subcutaneous injection, an^ 
it bas been siigg'estcd that this may be the result of the greatei 
destruction of red corpuscles by the antigen when introduce 
intravenoiLsly and the consequent greater rpgenerative activity 
in the blood tissues. In my own experiments on dogs unde) 
strictly comparable conditions the largest output of antibodiei 
thus far bas been obtained in two animals that on the secon^ 
day were bled quite dry and then transfused with the blood 
normal dogs. 

The effect of acute loss of blood on antibody productioi 
under certain conditions consequently is to increase the pre 
duetion. This fact lends strong support to the view Uial anti- 
bodies are products of the blood-forming organs. At the same 
time perhaps it also furnishes something of a rational thoagh 
belated basis for venesection which our forefathers regarded a 
a most important therapeutic measure in infections. 



THE BFKECTS OF ALCOHOL. CHANGES IN TEMPERATURE, AND OTHEl 
rACTORS ON- ANTIBODT FORMATION 

A number of investigations have been carried oitt to detei 
mine the effect of various factors on antibody formation, 
Unfortiinatply the methods used in many of the investigatio) 
are not satisfaetor)' because of the attempt to settle the outcome 
of the experiment by a single determination only of the antibody 
content in thi' blood, the di»y selected usually being that on 
which the simple antibody curve in the particular case was most 
likely to be at its height. I'here is individual variation in 
respect and tor this and other reasons the results in some c 
have been variable and often suggestive rather than decisive. 

According to Trommsdorif'* severe physical exhaustiou, 
prolonged hunger and great chilling of the body, as well aa 
certain other factors that are known to lower resistance, alL- 
leasen the production of antibodies in immunized 
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With respe<!t to tho elTectii of ftl(?«hol in rabbits the results 
of Priedbergcr," Wirgin,'" and others " indicate that the pving 
' of nlcohol in mildly iutoxicHtiiig ([uantitif^ for several da>'S 
after the injection of the antigen restrains the formation of 
antilMHJiui. AVirgin found that the lunger aflvr the injection 
befon? he gave tbi- aleohol tin- \>-Mt its dt^prewtive etfwt. Pried- 
berRer and Troinniwlorff 's rtwilts point to u fiivortibic inHuencv 
, on )Uitib«tdy formation hy alwihol in a ningle mildly toxic dose 
at or near the time the anti^n is introdnceil, but Wirgiu'a 
experiments (to rslher t" tlic nititniry effi'i-t. 

Benjamin and Sluka'' and Lawen '* find that the produc- 
tion of antibodies may be unfavorably afTected by X-raya. In 
rabbits previously tn*ated with X-rays and injected with beef 
Henim two to four days later there was produced little or no 
precipitin and the antigen disappeared slowly from the blood: 
but the rays had no effect if applied four days aft*r the injec- 
tion or on animals whose aerunl was rich in precipitin (Benja- 
min and Sluka). 

Febrile proeesm-i* an* aiisiH-iated intimately with the pro- 
duction of antibodies and it lies near at hand to wonder whether 
thiH production prue^-cds in the same way at hi-ightened and 
normal temjieralure. The influence of experimental hyper- 
thermia on the formation of antibodies has been studie<l by R4jlly 
and Meltju'r.'" Uiidke." and others. Roily and Meltzer find that 
tA'phuid acrgUitiniaH and bacterinlysins are produced more 
rapidly and abundantly in rabbit* that are kept overheated than 
in tho«e which are kept cool. Liidkc reports similar results; he 
finds stimulation uf the heat c^^-ntn- by puncture to cause not 
merely an increaKe in the ontpnl of agijlutinin but also to so 
modify the agglutinin that an unusually firm sort of a^lutina- 
lion ri-sultit. Torri. '■ on the other hanil. «liii alua uludied ihc 
I effect of puncture of the thermic centre on the develfTpraent ot 
I typhoid antibodies in rabbits, whm unable to determine whether 
I the hyperlhcrmia had any effect one way or the other. 

f^raziani " found that of rabbits injected in the same way 
I with filtrates of typhoid cultures but kfpt a1 diffen-nt temi>era. 
I Turw. vix.. + 32". + 38°. and + 2-4° C. those kept at the low 



180 HARVEY SOCIETY 

temperature developed the most agglutioio. In another ex] 
ment he kept all the animals at -|-32° C, bathing one-half 
them in water at +20° for 30 minutes morning and eveoiag) 
and in this case the bathed animals produced more agglutinin 

These experiments as well as those of Agazxi," who attempti 
lo show that arsenical substances promote the formation ol 
typhoid agglutiains in properly immunized nuimuls. might liav< 
given more convincing results if the agglutinin content bac 
been meaaured at more frequent intervals. 

The experiments 1 have mentioned deal mostly with tlu 
earlier phases of antibody production. The course may 
intlueneed in the later sTiiges also. Liidkc, lieing inimuni: 
with typhoid and with dysentery bacilli, found that hot batb 
during the stage of decline were followed by a distinct rise ii 
the agglutinins. And in rabbits in the dediniiig phhae afte 
being injected with typhoid bacilli. Pukuhara " found variou 
influences to cause a It-mporar^- Hse in the a^^iutinin and lysin 
such as chilling and warming the surface of the body, th 
giving of a single dose of alcohol, and the introduction of cer 
tain organ extracts. And reference has bi-en made to tin 
observation by Madsen and Tallquist that pyrodin and pyra 
gallol, — poisons which destroy red corpuscles, — cause a distinc 
rise in certain antibodies if given in the third phase of thi 
immunity curve. 

ANTIBOOIES IN PASSIVE IMMUNIZATION 

Loos in 1896 " was the first to demonstrate that antitoxin 
enters the blood of children injected with antidiphtheric serum. 
G. Mueller ''' and others found that the antitoxin disappears 
from the blood quite early, none being demonstrable after thi 
weeks. Since then the time of appearance, the concentration 
and the fate of the antibodies in the blood in passive immunizaf 
tion have been subjected to special study. 

The results as to the influence of the place of introduction 
on the time when the maximum concentration of antibodies Jtt 
the blood in passive immunization is reached mav be suD 
murized to this effect : On intravenous injection the maximui 
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coDceatratiou is reachi'tl nt once whilt; on subuulaueous, intra- 
nuscular, and intraperitoneal injection it is reached tmly after 
an iuli.frvtd variously staled nt 24 to 48 or 72 hours." In man. 
J. Henderaon ISmith '* found absorption of diphUieria anti- 
toxin from the mibcutancuus tiaiue complete only after 2 to 3 
dayx. lu thi; ranc of certain aggliitiiiinit uiid of diphtheria 
antitoxin Levin " determined tliat the maximum concentration 
in the blood in animals is rvached in about three daj's aft«r 
Bubcutaueoiis and intramuscular injections, but during the 
tirst 24 hours the absorption is greater from the muaGles than 
fnim the subcutaneous tissues — at the end of 10 hours, 14 times 
greater. 

Levin ahm found that the introduction in animals of immune 
serum, no matter whether from the same or different species and 
whether by intravpuoiia, intramuscular, or Hubcutaneons injec- 
tion, appears to be followed by an immediate and marked Ions 
in antibodies for whii'h he couhl offer no explanation. That is 
to say, the demonstrable content of antibody in the serum nf 
till' auimal in all caseN fulls far short of the tunount calculated 
on the basis that the antilxxlies are dimply diluted in the bloml. 
This deficit was greatest when the anliseruni was introduced 
Kubeutaueously, lew when introduced intramuscularly and least 
when introduced intravenously, but even here it amounted to 
40 to 60 per cent, and in Nome eases more. Marked individual 
differences occurred. It wnn less iu the citse of kindred than 
of alien antiserum ; and especially marked when several diflfer- 
eiil antilKKlieH were intHKlueed at the Kamc lime. On mibcn- 
taneous injection of antivihriolytic senun Tallquist noted that 
only about one-half tw much lUitilvKiri appcnnt to reach Ihp 
blood (w when it ik injected into the IiIikkI. Dr. Carlson and 1 
tind that in d»|fH Kml lhiin>u|ihly exxniiiruinated and then 
I transfused with blood from dogn injeeti'd with gnat blood anti- 
hodies alraOMt immediately l)egin to para into the thoracic and 
neck lymph, and that they wHin rcaeh the same proportion in 
these fluids relative to that in the bhwid a» in normal and in 
actively immunized animals; hence it seems to me that the 
amount of antibody passing into the lymph, notably after intra- 
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venous mjection. inny go a long way towards making op thV 
deficiency between the amount injected and the amount found 
in the blood. 

Ehrlich observed that after passive inununizatton antiricin 
and antiabrin may remain in the blood for 30 to 60 dayB, 
depending for one thing on the quantity introduced. In an. 
asB injected subcutaneously with antidiphtheric horse aerum 
Bulloch" was abli- to demonatratf minute quantities of anti- 
toxin even at the end of 100 days. That definite traces of anti> 
bodies could be detected so long after their introduction wni 
received with considerable astonishment. It has since been 
learned that introduced into the bltxkd antibodies at first i 
lost rapidly and then more and more slowly. Madoen *- has 
shown that, at least in certain cHses, the lows of antibody i» 
expressible by the same formula in both active and passive 
immunization, kindred serum being used in the latter caae. 
When it was found"' that in horHi>s injected with antitetanie 
serum the tetanus antitoxin is lost at about the same rate t 
in active immunization. Von Behring concluded that there ta 
no t'ssentiiil different in the immunity of the blood after active 
and passive immunization. 

Famulcner"* and I^vin determined that after succeasiva 
intravenous injections of antibodies (antivibriolysin, typhoid 
and colon agglutinins) at intervals of seven days or so, there 
was no difference in the rapidity of the loss— the anlibodii^ 
disappeared at the same rate after each injection. This proved 
to be the case also when a mixture of antibodies was injected at 
the same time. In nibbila injected by Levin with serum of goat J 
immunized with colon bacilli all a^lutinin disappeared at thefl 
end of the same time, — i to (i days, — even if the serum (of th»l 
same antibody strength) was injected in (juantitics ranging! 
from 10 to 40 c.c. (.'onswiiiently, it may bi> iidviHablc. if mil 
wish to maintain the concentration of alien antibodies in thel 
blood at a certain level for ii longer perioii to give a tieries of] 
relatively small doscN rather than a single large dose. I 

At this point brief reference may be made to the fact thatl 
in passive immunization antibodies are retained longer if th&l 



r 



FORMATION AXD FATE OF ANTIBODIES 189 



aninml ia iDim-'ted with antifK>niiii obtained fniin its own itpecieit 
than if serum from alien spwies is used. Tizzoni and Catani, 
who weri' the first, to ascribe to the origin of the serum injected 
importance with respect to the r«t« of dittup pea ranee of anti- 
b«Klie8. found that rabbits injfieted with autidiphlheric serom 
from different species retained the antitoxin Uingrat when it 

i introduced in rabbit senim. Knorr and BatiKom observed 
that tetanus antitoxin Is retainetl longer in patisive immunisa- 
tion if the serum used is derived from the Hume tipecic^^ as the 
passively immunized animHl, At the same lime as kindred 
antitoxin is retained the longest Random found tiiat not all 
alien antitoxins are lost with th« same rapidity. Couseiiuently 
it in not possible to lay down a general law in regard to the fate 
of the antibodies of one Hpeeies in tlit> liuids of another." Alien 
agglutinins and alien baeleriolysins aUa disappear more rap- 
idly than the kindred," in some cases three times as rapidly. 

To account for the dlsappearauee of antibodiea from the 
blood of healthy animalx at least three jKiwiible meehnntsms have 
been considered, namely, elimination in the urine and other 
excretions, de|>oKition in the organs, and eht^nical transfomia- 
tion. The failure to tind antibodies except in exceedingly 
minute quantities in the urine. Kaliva, and other secretions 
(Bomstein," Bulloch," 8taubli ") and in the organs of immu- 
nized animals (Bomatein) lend^ favor to the view that chemical 
■ transformation plays an essential rAle In the gradual disap- 
pearance of antibodies from the blood. ('«rtain antibodies, 
c.ff., tetanus antitoxin, pass into the milk in pawiively immu- 
nized animals. The suggestion has been made that antitoxin 
and other antibodicfl may indu<^v the formation of antibodies 
and thua lead to the eventual defeat of the purpotte of pamiTe 
immunization. The possibility of formation of anti-antiltodies 
cannot he diNeumed now. liiit il may Ih- noted rhat Krauis and his 
eo-workers """ failed to obtain any antibodit^ for diphtheria 

I antitoxin and tj-phoid agglutinins, and quite recently this is 
conflnntHl so far as antitoxin and typhoid agglutinins are 
concerned."" 
The fact that intravenous injection immediately gives a far 
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greater coneentration of antibody in the blond, aud hence iiifl 
the lymph also, than is ever attained by the gradual absorptionl 
from the suboiitaneou.s tissue is u Rtnmg poinr in fiivnr of tbefl 
direct injection into the blood of diphtheric antitoxin in severe ■ 
cases as urged by Behring;, Madsen, and others. The principle 
is, of course, equally applicable to other conditions, notably 
tetanus. According to Bcrghaus,""' the curative value of anti- 
diphtheric senim for guinfu-pigs on direct injection into t 
blood is 500 times greater than on subcutaneous injection and 
80 to 90 times greater than on intraperitoneal injection. Th) 
one objection of consequence thai might be urged against thai 
intravenous method is the possible greater danger of anaphy-r 
lactic shock in susceptible persons. 

Note. — Schreibcr" baa injected antidipLtheric serum intravcn-B 
ously in 20 cases. He states tLat general improvem<'nl follows soonorl 
than on subcutaneous injection while the local process in the throat 
follows about the same course in both cases. In his series no danger-fl 
oua symptoms developed. In case of difficulty in eotering Ihe vriarfl 
he advises Ih;,^ the injections be made into the Imllock, which, 
Ear as concerns Ihe rapidity and degree of jit»sorption of antitoxiafl 
into the blood, is a more favorable jSlace for injection than the subau-l 
taneoas tissue. According to W. H. Park (Jour. Am. Med. AsaM%,V 
1910, liv, p. 25S) Iarg« doses of anlitelanic serum injected iatr»>J 
venoiisly wilhin a few hours afler the onset of the symptoms i 
tetanus have given good results. 
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THE obvious causal relationship of bacterial infection 1 
inflummatioD has tended to iibscure the broader siguifi^ 
cance of the inflammatory reaction. An immense number < 
sterile substances, both Suid and solid, soluble and insolubl<<^l 
organic and inorganic, incite a reaction which differs in i 
essential respect from that which follows the invasion of micro-l 
organisms. Even so-called physiological salt solution intro*! 
ductid into the body may cause acute inflammation ; absorptioal 
of a protein such as egg albumen or of a fatty substance such'V 
as sterile olive-oil is in part dependent on the same process.! 
Views concerning the nature of inflammation are widely diyerse^ 
bul all are agreed that inflammation accomplishes the destruc- 
tion and solution of a variety of aulistanci's, and notably 
iliosc proteins which form the bodies of parasitic invaders. 

Although absorption from the tissue, so-called parentersll 
resorption, is made possible by processes which resemble thowfl 
occurring within the dige^ive tract, recent compendiums oti 
biochemisfrj' are almost silent concerning the nature of suchl 
processes and limit their discussion to a consideration of tbel 
part of filtration, osmosis, and the secreting activity of lining! 
membranes. The pathological problems are unfamiliar to thel 
physiological chemist, and the pathologist is poorly prepared loi 
solve them. 

It is well known that there is no agreement on what a 
be regarded as inflammation, and some have wished to discftit 
the word. I shall cite historical data with the sole purpose c 
showing that its historical associations offer little aid in deterj 
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i furnishes no more 



miniDg its ftpplicalioa ; that 8ec«pted i 
definite criterion. 

The cardinal Hymptumii of itiRanitnatjon — heat, pain, red- 
ness, and swelling — described by the claaiical writ«rs, have 
reference to inSanitnatury cunditiuns alTecling the Hurfaces of 
the body; perhaps well illustrated by erysipelas or by a boil. 
By a aeries of analogies the term has bo^n applied to changes 
in the internal oi^ans which oxhibtt, in some instances, none 
of these sj'nptoms. Virchow, in the "Cellular Pathology," 
shows that each one of the cardinal symptoms at some period 
has been used as a test of the tnie nature of inflammation. The 
name, which implies taking fire, shows that the early writers 
attached greatest signifieaiice to the increased heat of the in- 
flamed part. At a later period, the condition of the blood- 
Tcssels indicated by congestion and redness, attracted more 
F attention, and Boerhnuvc tsught that inflammation was the 
\ result of stasis caused by obstruction of blood-vessels. This 
view prevailed during the period when, in France, pathological 
anatomy was studied with greatest indnsto'. Ponflck cites the 
aphorism of Cruveilhicr; "Phlebitis dominates pathology." 
Tet Cniveilhier deflncit inflainmation ast a blood-stasis in the 
eapillariea which is associated with exudation at times of 
eoagiilable lymph, at tim»i of pus. iierbaiKt finally of caseous 
or tuberculous ttubstancc. As a criterion of inflammation, 
accumulation of exudate rec«ivcd increased attention, and the 
swelling or tumor of inflammation held a predominant place in 
the views of I{okitsnsk>'. 

The experiincnthl studies of Cohnbeini inaugurate modem 
views on the nature of iuflammatinn. Inflammation is the 
reaction which follows an injur)- afFeeting the wall of blood- 
vcsmIb; increased permeability facilitates the escape of plasma 
and corpuscles into the surripunding tisHue. Attempts to study 
the effect of various injurious substances upon a tiNsuc devoid 
of blood-vessels, snch as the cornea, have shown that well-known 
inflammatory ehangrn orcur in the adjacent vascular tissues 
hence flmid the injured part with exuded fluid and 
I eorposeles. 
13 
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Most of the substances which act as iDQammatory irritanU 
cause obvious injury to tissues with which they come into von- 
tact. At first sight it may appear unimportant to .decide 
whether injury to tissue, including its blood-vessel, is the 
stimulus which puts in motion the numerous processes grouped 
as inflamniution; or if the irritant itself acts tlirectly on the 
structuri's with which it ia in contact, and attracts to itself 
elements of the blood or of the tissues capable of neutraliziojC 
or destroying its toxicity. The decision will modify any inter- 
pretation of the phenomena of inflammation. One group of 
writers who have regarded injury to tissues as the inciting 
cause of inflammation, have included within its domain all those 
phenomena which tend to restore to normal the injured p&rta 
formation of fibrous tissue replacing elements which have beei 
destroyed becomes a part of the inflammatory reaction, 
fiammation is regarded as a process adapted to diminish 1 
harmful consequences of an injury. This is the view ezpn 
by the well-known definition of Burdon Sanderson: it repn 
sents the opinion maintained by Cohnheim. Weigert, Ziegleft 
Neumann, LetuUc, Adami. Another group of writers, inclad* 
ing Leber, JletchnikofJ, Marchand, Ribbert, CouQcilmau, 
Klemensiewicz, regard inflammation as a reai.'tion excited 1 
the presence of something injurious to the tissues ; inflanimatioq 
is adapted to counteract and destroy the injurious substance 
Study of the phenomena by which bacteria are destroyed i 
dissolved has given this view a predominant place. 

All inflammatorj- irritants produi-c some form of injury, i 
moreover, tissue which has been destroyed may act aa 
inflammatory irritant ; nevertheless, there is a fundamental dil 
tinction between a reaction which repairs an injury, and rea( 
tion which renders harmless an injurious substance. Cert 
invertebrates with simple structure (hydra, planaria) repi 
an injury by rapid regeneration of a part removed ; phenomei 
suggesting an inflammatory reaction are wholly lacking. ThM 
who believe that inflammation is adapted to neutralize i 
destroy the injurious body usually exclude those regeneratil( 
changes which replace with fibrous tissue structui'es which hAVJ 
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b^n tlMtroyed, for all writen agree ia excluding tlie regeoerH- 
tioii which aff*'cts thi' nurvivirijt parenchyms when part of un 
nrffan hait Ix-*-!! ivinoveil or dentroyed. 

Til dfli'rmint; if indiuiuiiat ion iii dependenl mi L-haiigt» in 

the blood-vewt'lK nUomptH wpn- loiifr made to Ktud,v thi- proof*-! 

in tiBHum such an th* cornea or cartilage, which contaiu no 

venda. The ni;arest viucular lissav bet^ame inflamed and the 

attempt faile<l. Directing bis attention from the vertebrates 

which had heretoforp se^^'ed as objects of experiment to the 

lowest invertebrates, Metehulkotf has found the lon(;-sougfat 

opportunity to study inflammation in tiasues containing no 

bltxHl-veietelM. Hrit well-knouii treatise on thi- unitipnrative 

palholoi^ of iutlammation dednes the relatively simple reaction 

which follows application of injurious agents U) such animals. 

Throtifchoiit the animal kingdom methods uxed to obtain 

I focMl arc often employed to destroy enemies. The amieba sur- 

Ivivi.-fl because it can destroy and digest the bactt-ria which it 

1 takes into its substance. In certain sponges, phagocytic cells. 

I which digreat the food of the animal, nccumulatv about a foreign 

I body thrust into its substanff. The lower orders of inverlf- 

IbrHtcs. such as the mcdnsa. the starfish, and certain womis 

I pOHsiits DO vascular system ; situated betweeti the outer co^-eriofc 

lend the digestive cavity are meBodennic cells which, bating no 

■ part in the digesliou of food, approach, cntrulf and often digest 
Iforeigu particlect. bacteria, and other organisms which have 
1 found their way into the tissues of the animal. By means of 
lamceboid movement they accumulate about any substance 

npsble of exciting their activity. Shall this reactive accumn- 
I'lation of phagotrytic celb be desi^^atecl "inl1aiimiation"f 

■ Those who believe that inOammation is a rvsponae of blood- 
■Vessels to injurious ageneics atv unwilling to include it. With 

I broader view, those proceates by which protective elements 

■■re drawn from adjacent ti»w» cannot be separated frcnn those 

ehangtv by which similar cells are drawn from adjacent blood> 

tela. NoniL'Uclsturv of the process is relatively unimportant. 

'Tct study of what is universally designated "inflammation" 

in animals with fully de%-eloped blood-vessels shows that pbngo- 
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cytic c«Il)i whioh reart in respontie to Ihi' iuHariiruatory inin 
are not neceasBrily derived from ihe blood-veast^Is, 

To illuslTHte the ehaotic state nf prevailing vii-ws 
inHammation. the status of ttiben-uloKiH niH.V be i-itec). 0(4iD; 
heim, who attached prime importance to vascidar ehatii^ 
excluded the infectious granulomata ; yet many of those whit 
believe that inflammation occurs only in vascular tiasuc ret^urd 
tuberculosis as indamniation. Marchand, on the contrarjr, 
separates such processes from indammation, because he bclievai 
that they are characterized by miittiplicatiou of lixed cells u| 
the tissue. 

Inconsistencies of Hcce|itcd nomeuelature aiv readily fouml. 
The term parenehymatous nephritis, n survival of Virchow'i 
conception of inflammation now long abandoned, is applied to 
a lesion which eshihits none of the vascular and cellular changea 
which are associated with inflammation of other organs. Injury 
to the spinal cord is designated as inflammation when it is called 
traumatic myelitis; yet the secondary occurrence of inflanuna' 
lory changes eominon to all forms of injury merely serves to 
emphasize the confusion of two distinguishable condition* 
(Marchand')' The name "acute hemorrhagic pancreatitis'* 
has been applied to a lesion which is essentially iieorosiK, Hn«l 
not inflammation of the pancreas, and its use has hindered i 
rational classification of pancreatic disease. 

Should we assume that inflammation occurs in tirdisr thai 
injurious substances may be destn>yed or removed, the nature 
and action of the fluid and cells which accumulate aequirt 
predominant importance. The swelling of inflammation is id 
EPeat part referable to accumulation of fluid derived from thB 
plasma of the blood i yet \\k wall of tJie vessel eontroltt this 
transit, for the protein content of the fluid whieh passes through 
the wall of the blood-vessel into the tissue is constantly lea 
than that of the blood-plasma. The proteins of the plasma da 
not enter the spinal fluid nor the a'pienus humor, yvt witll 
inflammation they are fonnd in both fliiidK. 

Studies of KlemeiiBie«-icz ' have shown the effect of in- 
creased pressure exerted by cxudiite ivilhin thi- tiwuc on local 
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TSBculnr tension. By an in^niou-s device he has been able to 
directly under the niicnMtfope the pressure capable of 
producing stasis within the capillaries. When an iiiHamiuatory 
irritant is applied to the tissue under examination, accumula- 
tion of exudate increaHC!* fxlravast-ular leusion. nnd n smaller 
prepare in now eapablc of eauning capillary stasia. This 
□bservation may help to explain the obvious truth that accu- 
mulation of fluid in th« itubciitnneouH tiswue in rexponge to an 
irritant, is quickly self-limited ; whereas the same irritant causes 
an immense serous exudate when intruiluccd iuto a ser»iiK cavity. 
Later it will be sho^vn that this difference has an important 
influence on the outcome of the inflammatory reaction and may 
determine whether suppuratiou or resolution oecurN. 

During the last ten years an immense amount of laborious 
study has been devoted lo the eharacter and origin of the 
various cells which accumulate at the site of inflammation. 
The studies of Cohnheim and of Von Recklinghausen have 
afforded convincing fvidem-c that the common pus corpuscle 
is the polynuclear ieiieocyte of the blood which, under the 
stimulus of the inflammatory' irritant, passes through the walls 
of blood-vessels. Some of ihe earlier observers have believed 
that such polynuclear leuiux-yles may become rells of the Bxed 
tissue, colonize the part, as it were, but there is now universal 
agreement in the view that they may degenerate but undergo 
no progressive transformation after they have left the blood- 
stream. The origin and fate of the numerous mononuclear cells 
which accumulate in the inflamed tissue, on the contrary, is 
doubtful. The «iibji>ct. repeatedly investigated by histological 
methods, often uninlerenling beraime ihey nre inHinclnsive, 
has great biological importance, for it deals with the signifl- 
cance of lymphatic tissue and the normal and pathologicAl 
relationship between lymphatic and other tissues of the lK>dy. 
It seeks to determine if » cell formed in one part of the body 
may establish itself in a distant part and there form an integral 
constituent of the tissue. 

Insight into the changes aictoeialed with inflammation 
aanunes an accurate knowledge conerming the tissue in which 
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the inflammatory reaction occurs. All of these cbBngvcH 
their origin within the connective tissues of the body whenoi 
inflammatorj' exudates may find their way into other situation) 
There are yet many defects in knowledge of the connectiTi 
tissues of tiie body. In early slii^res of embryonic life th: 
tissue is represented by a network of cells with branching 
proceeaes which are continuous with one another. Within tlii 
substance of this protoplasmic syncytinm, and hence witJ 
the cells, according to observHtions of Fleming, and in i 
years of Mall,' the white fibres are laid down. At first all t 
cells which compose this tissue are flxed, but later cells maki 
their appearance within the meshes of tlie network. Since 
these unattached cells exhibit irregular projections which s 
gest that they are capable of amieboid movement, and sine) 
they resemble amoeboid cells of the eirculating blood, they an 
regarded as wandering cells. Part of them have uU the chai 
acters of lymphocytes and in many situations fonn small c 
lections about the blood-vessels. Part of thera are larger thari 
lymphocytes and resemble the large mononuclear cells of ttlfl 
blood; they are frequently collected about blood-vessels. 

Von Recklinghausen has maintained the opinion that tin 
spaces which, filled with fluid, exist in the meshes of the oe^ 
work formed by the fixed elements of the tissue, are in dir* 
communication with lymphatic eapiltaries and constitute 1 
origin of the lymphatics within the tissue. Nearly half a < 
tury ago (according lo Snbin) Langer showed that the* 
lymphatics grow as blind sprouts of endothelial cells. RanTiei 
has confirmed this almost forgotten observation in recent years, 
and Sabin * and others have shown that the entire lymphatic 
system sprouts from tlic endollieliaj lining of veins and grad- 
ually poshes its way into various tissues and organs to form a 
closed system everywhere lined by endothelial cells. Endo- 
thelium separates the lymph within the lymphatic capillaries 
from fixed cells of a part. Thi.t welUknowu relationship, usually 
little considered, has much pathological significBUce; indeed 
early observers (Hering. Heller, Thomn ') of the movement! 
of amceboid cells within the tisanes, have noted the importand" 
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truth that leucocytes which have wandered from the wall of 
the blood-vcsseb and have passed through the spaces within the 
fixed tissue, may penetrate the endothelial wall of a lymphatic 
Tesscl. 

Embryological atudy of the lymphatic nodes has explained 
the relationship of lymphatic tissue to lymphatic vessels, 
(iulland,* Sflbin.' and others have shown that lymphoid tissue 
makes its appearance in the walls of lymphatic channels which 
have already been formed: and eonsixiiii'ntly ■ layer of endo- 
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thelJal uelU st-parates the lymphatic tisane from the lomen of 
the lymphatic vessel, and later from the tortuous sinus to which 
the primitive channel gives place. The lymphocytes of the 
lymph-node appear within the meshes of a Sbrillated network 
and in their relation to lymphatics nre analogous to the lympho- 
cytes in the meshes of connective tiasue elsewhere. 

The local changes which with inftnmmation occur in the 
lymphatic vessels of the affected pari and in the tributaiy 
l>-mphatie nodes (see Fig. 1) are not separable from the changes 
which have Ihcir scut in the bliwid-vi'iwt-lB and in thd interstitisi 
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tissue. Muscatello ^ has ahowQ that finely granular material 
SDch as carmine powder, introduced ioto the peritoneal cavity 
of a dog, appears within ten minutes in the retrosternal 
lymphatic nodes; the two retrosternal lymphatic channels whick 
follow the internal mammary arteries are quickly rendered 
conspicuous by the injected material. Within these lymphatic 
vessels some of the granules are free in the lymph, whereas 
others are contained in wandering phagocytic cells which, as 
MacCallum * has shown, penetrate the endothelial lining of 
the diaphragm. Within three-quarters of an hour after injet 
tion of Staphylococcus aureus into the subcutaneous tissue ■ 
the leg of a guinea-pig, Bezaoc-on and Labb^ " found that tb 
afferent lymphatic vessels of the adjacent lymphatic node wen 
dilated and contained many polynuelear leucocytes which weri 
entering the siouaes of the node. The subsequent changi 
within the node are well known. 

The well-known studies of Maxiniow " have defined thi 
changes which occur in and about a sterile foreign body, 
duced into the subcutaneous tissue of various species of animals.* 
In later experiments he has impregnated the body with an 
inflammatory irritant such as turpentine, or has infected it 
with pyogenic bacteria, namely, with Staphylococctta aureut 
and with streptococcus. He has pictured with great clearness 
the changes observable at intervals varying from a few minutes 
to many days after onset on the inflammatory reaction, 
reaction caused by a sterile body differs from that product 
by bacteria in its intensity and in the rapidity with which c 
responding phenomena occur, but the character and seqaenoi 
of events are identical. 

Serous fluid quickly accumulates about the infected I 
and the surrounding tissues I)ecome cedematoua. Within 1 
first four hours polj^nuelear leucocytes emigrate from the blo< 
vessels in large numbers, and properly prepared tissue exhibit^ 
many leucocytes making their way through the endotheliu 
lining of vessels. Early emigration of lymphocx'les us well hu 
so frequently been observed that its occurrence has been place 
beyond doubt. The small round cells which migrate from t 
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blood-vewels quickly give place to larger cells with paler, lai^er 
nucleoB and fairly abundant cell substanci?. Those cells which 
have a predominimt part in the late stages of inS&mmation are 
known by no familiar name, and it is difficult to d^gnate them 
conveniently. The term "macrophage." used by Metchnikoff, 
is applicable, for these cells exhibit phagocytic activity, but the 
namp bus a wide significance and may be applied to all large 
cells eapable of Ingesting solid particles. The attack on living 
virulent micrococci is apparently conducted wholly by poly, 
nuclear leucocytes. With the disappearance of micrococci, 
mononuclear cells increase in uumlwr and in size and begin to 
exhibit ability to ingest cells and cellular debris. Such phago- 
cytic cells or macrophages may contain six. a dozen or more 
leucocytes in various stages of disintegration, together with a 
variety of inclusions whose origin is no longer recognizable. 
On the activity of these cells is in large part dependent the 
solution and removal of the leucocytes which have previooaly 
attacked the invading bacteria. 

The serous cavities, particularly the peritoneal and pleural 
cavities, offer a convenient opportunity for study of the cellular 
phenomena of intlammation. The early changes, whether pro- 
duced by various bacteria or by sterile irritants, do not differ 
materially. A noteworthy peculiarity of inflammation within 
aeroua cavities is the unobstructed and rapid accumolatian of 
•emm; the cells whii-.h accumulate are in part suspended in 
this fluid but a greater part adhere to the membranes, such as 
the omcnium or mtxliastinum which are contiguous with the 
cavity. Numerous observations have shou'n that the changes* 
which occur in the serous cavity during the first few hours 
after inoculation are identical with those which are demon- 
strable under similar eonditions in the subcutaneous tisaiie. 

The importance of vascular changes in inflammation has 
long been recognized; less has been written concerning the 
significance of the lymphatic system. The studies which have 
been cited show that the lymphocytm which arc in great part 
at least derived from the Ij'mphatic glands migrate from the 
blood-vessels and are perhaps transformed into macrophages. 
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At the same time lymphocytes and similnr larger cells whii 
are scattered Id the normal tissue outside of the blood-vi 
and often according to Ribbert form rudimentary lympbal 
nodes mingle with the cells of the exudate and perhaps tal 
part in the formation of macrophages. The intimate relatioi 
ship of the local focus of itiBammation to the adjacent 1; 
phatic glands is well illustrated by the experimental pleuni 
produced by injection of a sterile irritant such as the vegetabi 
protein, aleuronat, into the pleural cavity. The lymphati 
glands which are eitutited in the anterior mediastinum beet 
greatly swollen and microscopic esaminatioa shows that chaai 
which occur in the sinuses of these glands are identical wtl 
those iu progress within the pleural cavity itself. At the em 
of four or HvG days the serous cavity contains abundant fluid 
in which polynuclcar leucocytes arc abundant; at this time 
mononuclear phagocytic cells are large and numerous and n: 
engaged in ingesting and dissolving polynuclear leucocyti 
The sinuses to the adjacent mediastinal lymphatic glands 
much distended and closely packed with the same large phago-* 
cytic cells whose protoplasm often contains many polynuclear 
leucocytes in various stages of disintegration. In some in- 
8taiic«s almost the entire l>'mphatic gland is replaced bj' th< 
cells. Ingestion of polynuclear leucocytes and other wli 
easential to complete resolution of the exudate, is begiui lu 
serous cavity and is completed in the regional lymphatic nodi 
By the method previously deacribed cells make their way aloi 
lymphatic channels from the primary site of intlammatioii 
the adjacent node. 

Studies of the fate of bacteria injected into the body bn' 
ilemonstrated the rapidity with which micro-organisms enti 
the regional h-mphatic nodes, and the partial efficiency of thi 
nodes as filters. liuston and Torrey '■ have- injected typhoi 
bacilli in considerable quantity into the peritoneal cavity 
small animals and have estimated by the enumeration of eoloni 
in agar plates the relative abundance of bacteria in the mil 
^<Iemal lymphatic nodes, in the blood and in various orgi 
-iich as the liver, spleen, lungs, binic-niarniw, snd kidii 
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H 'Within ten minutra after inoculation, tbey found an enormoiu 
^P mimtKr of bacteria in plates pn-jiarod fmni the regional lym- 
phatic node, and in Roctiona prepared for niicrotu-opic examina- 
tion bacilli are found in the afferent sinus, in part free, in part 
within phagocytic cells. Notwthstanding thin regional fixation 
of those bacteria which had escaped from the site of inocula- 
tion, a not iDconaiderable uumltcr hod i-nlered the blood and 
were scattered throughout the body. Within the interval from 

•five to thirty minutes afttr inoculation, from twenty to thirty 
thousand bacteria per cubic centimetn" were recovered from 
Vbe blood. NeverthelesB at the end of an hour, the number 
had fnllen to aeveral hundred, Likcwiw within the tirHt half 
hour after inoculation the number of bacteria in the liver, 
spleen, lungs, and kidney was very great; but it fell suddenly 
and 800U became relatively Mmall. This initial nuh of bacteria 
from the peritoneal cavity to the blood has been found to woir 
witli equal readiness in normal and in immunised animals. 

k Experiments of Muacatello have shown that inaiiimalc par- 
dea aueh as powdered carmine pass through the diaphragm 
ito the lymphatic vesaels of the mediaetiniun and reach the 
circulating blood only through the lymphatic sj'stem. Wells 
and JohuKtone" have successfully attempted to shon- that 
bacteria do not paas into the blood -veMM^Is of the peritoneum 
but reach the blood wholly by way of the lymphatic vessels. 
They have prevented the initial rush of bacteria from the peri- 
toneal cavity into the blood by ligation of the thoracic duct. 
BBy catimation of the number of liacteriu in the l}-inph they have 
diown that the thoracic dnct, during the firat honr after inocii- 
Ution of the pt-ritoncal cavity with Bacilluit colt diiwharge^ an 
immense munber of hneteria iuln the blo<Kl, 

The foregoing obs«>r\'ations show that the lymphatic nodes, 
during the first hour after inoculation, are not efficient fitteni 
for bacteria. Although two lining membranes an- interposed 
between the pcrittmenl cavity and the interior of lymphatic 
remela, solid particles pass with the uUnrjat rapidity from one 
^0 the otlier; the greater part of these particle^ are nut con- 
uned within phagocytic cells. The membranes separating thf> 
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cavily and the liimea of the vessel are uninterrupttil but 
particles pass as if there were direct communication, 
more, buth bacteria and inanimate particles at first pass 1 
lymphatic nodes, but later at the end of the first half hour 
hour after inoculation, although the peritoneal cavity and I 
regional lymphatic nodes contain au immense number of 
teria, their escape is obstniulod aud they have almost coi 
pletely ceased to enter the circulating blood. At this time i 
intlaramatory rcactlou has begun both at the site of infeetit 
and within the lymphatic node. There is little doubt that tl 
quiescent lymphatic node is an inefficient filter whereas t] 
inflamed node, coutaiDiag even at this early period many phag 
cytic cells, is effective in restraining the dissemination > 
bacteria. 

Noetzel '* injected Bacillus pyocyaneiis into the knee-joL 
of rabbits, and from five to ten minutes later found the orga 
ism both in the inKuiual, lumbar, and cnirHl lymphatic not) 
and in the circulating blood. Pawlowsky" has demonstrati 
the presence of staphylococci in the blood and organs of goiae 
pigs from twenty-four to forty-eight hours after inoculation o 
the knee-joint, but has been able to show that this dissemini 
tion m inhibited or wlioliy pn-venled if Ijefon- iiuiciilation aeiil 
inflammation of the joint has been produced by the injedio 
of some sterile irritant such as turpentine, alcohol or solutia 
of (juinine. His observation ntcalls the studies of Iitsayel 
who showed that the peritonitis induced by a variety of stm 
irritants such as foreign blood-serum, bouillon or normal sa 
solution, temporarily increases resistance to subsequent intra- 
peritoneal inoculation of bacteria. Such observations help tu 
explain the well-known resistance to infection exhibited by a 
granulating wound. 

A great variety of substances which are either non-dtalyxal 
nr insoluble in water are dissolved and removed when 
duced into the tissues of an animal. It is difficult, perhaps 
impossible, to eite any substance which introiiuoed from outside 
of the body into the tissues of an animal fails to excite an 
inflammiitory n-aetion; phy.HioIoiriciil ^iilt Kolulion introdw 
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ito the peritoneKl cavity produces active emigration of leacu- 
eytes. Comparatively little systi'matie ob«prvation htm bwn 
made on the pharmscolt^y of intlammation and we are as yet 
ignorant of the factore on which depend puculiaritivs in thr 
intpjiaity of the reaction and in the charaeter of the exudate 
which is produced. The reaction is in all instances character- 
ized (a) by a Btaei- of lencocytic emiin'ntiou followed when 
resorption begins, (/i) by accumulation of macntphages. It is 
noteworthy that tubtrcle bnvilli and typhoid baeilli, whose 
presence in man iit usually associated with peculiar lesions 
exhibiting little resemblaniw to acute inHanimatJoo. produce 
the same changes during the first twenty-four hours after intro- 
duction as Staphylococcus aurtua (Helly) and other pyogenic 
«Oeci. 

Nevertheless one large group of ftubstaiict's, unlike baeteria, 
excite the large mononnctear phagocytes with much greater 
activity than polynuclear leucoirytes. The cells of one animal 
introduced into the body of another of the same or of a differ- 
ent species are attacked by Isrge mononuclear cells and are 
gradually dissolveil within their aubstanee. Thia experiment 
has been repeated luidcr a great variety of conditions by 
UetchnikntF and his pupils. The same i>niepi» occurs under 
physiological conditions, for in the spleen red blood-corpusclea. 
perhaps those which have undergime some degenerative change 
and are no longer uaefid to the liody. are ingested and destroyed 
by large mononuclear phagocytes. When hemorrhage occuni 
into the tinaues, phagocytic cells of similar character, by taking 
red corpuscles into their substance, aid in the proeeffl of absorp- 
tion. Necrotic tissue in the liver or in other organs is al»orbe<l 
by aid of the same cells. A similar process occurs when degen- 
■crative changes alTect the central nervous Hystem, AI»«<>rplion 
if tissues no longer useful to the body, and perhaps already 
tile seat of degenerative change, is nceomplished by the aid of 
mononuelear pha^joeyteH and has man.v aiialogien throiigbout 

le animal kingdom. MetclmikofT. studying the pnigretct of 
the metamorphosis of insects, has lately fouti<l evidence that 
organs and tissues first undergo degenerative ehanges. and 
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later become the pit.v of phagocytes. Furthermore, one Urj 
irroHp of parasitic invaders, including protozoan miero-on 
isms such as malarial parasites and trypanosomes, excite almoi 
exclusively the activity of the monoiiiiclenr phagocytei 

The observations which have Iweu cited show what cell 
accumulate about a foreign substance introduced into the IkkIt^ 
The more important of these cells are capable of eu^ultiiig solid^ 
protein particles, and of dissolving them. By what means it 
this absorption accomplished T 

The occurrence of products of protein digestion in inSam* 
matory exudates waa recognized almost fifty years ago; Kicb- 
wald in 1864 found in pus what was then called peptone ; and 
later. Maixner found peptone in the urine in association with 
a considerable variety of suppurative conditions such 
empyema, peritonitis, cerebrospinal meningitis, pyelitis, etc 
An observation of Friedrich Miiller has explained the const 
presence of so-called peptone in purulent phthisical Kpntural 
a glycerin extract of such sputum is capable of digesting flbriil 
or coagulated albumin in a weakly alkaline medium. Othei_ 
purulent sputum has the name property; the sputiun of a 
patient with pneumonia does not exhibit this digestive action 
before crisis has occurred, hut later when it has assumed » 
white pus-like appearance, the enzyme may be demonstrate 
The pus of an abscess contains the same enzjme, but the pui 
like fluid from a tuberculous lesion, a so-called cold abf 
fails to contain it. Viirioiis obser^'ers have shown that « 
of pus is capable of digesting a considerable variety of prot«id 
substances, such as gelatin, fibrin, eoatrulated egg albumenj 
and casein. The well-known studies of Salkownki first showet 
that animal tissues preserved under conditions which preveafl 
the growth of hact.eria undergo changes similar to those whiQ|| 
occur during the digestion of protein. Friedrich Miiller showed 
that the pneumonic lung consolidated by the preNCdco of inflai 
matory exudate within the nh'euli is especially suseeptible 1 
such autolysis. Tty the self-digestion of this inHnmed pul 
monary tissue at body temperature are formed albumose, leuoin^ 
tyrosin, and other products of protein disintcgratiun : naoM 
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of the tatolyzvtj tisMue quiukly disiippi-Ar as a trsult of decDtn- 
poaition of nucleina. Th^w "bservationH have l«*eii used In 
explain the solution uf librin luid tliii diaappeHrature of leuco- 
cytes and othf-r twllulHr elements which o(«!urs with resolution 
of the ejcudatp. 

Biondi," Hedin and Kowlund," and others havj> found that 
variotts DonoaJ organii of the body autolyze writh greater activitj" 
in weakly acid than in alltaliue solutions, and in this respect 
resemble pepsin rather than trj'psin. 
^L StudyinR the cells of an inflammatory exudate obtained by 
Hlnjectioo of aleuronat or other sterile irritant, I have repeatedly 
^Baonfirmed the observation that they di^fest coagulated protein 
^Hkith grcat«%t activity when they are suspended in iin alkaline 
^^Bedium. Digestion may be aci^uratcly ineasured by allowing 
^Wie cells to act at body temperature on blood-serum coagulated 
by heat; the amount of pmtcin which goes into solution may be 
accurately determined. Testint; ibe livt^r, kidney, spleen, lym- 
phatic node, and bone marrow, it is noteworthy " that the bone- 
marrow alone re8cmbli-« thr cells of an acute inflammatory 
exudate, and digests with greater activity in alkali than in 
„acid. 

The cell which is predominant in the iuHammalnry exudate 
iduced by the injection of aleuronat is the polynuclear leu- 
»cyte, and histologista are agreed that thin cell has ita origin 
I the bone-marrow. In other words, polynuclear leucocytes 
^hieh. constituting the greater part of the white corpnsclw 
f tile blood, migrate during the early Ntage of the inSamma- 
f reaction, and approach and digent solid particles, contain 
I enzyme which reaemblesi trypsin of the pancreas. They 
' this enz>'uie from the bone-marrow to the site of inflain- 
jDatioo. Dochcz haa Mhown tliat thix i:nz)'me, unlike tr^'p^i"' 
aista within the cells in an active state, and will, without 
iforther change, act on protein in the presence of alkali. Tryp- 
an, on the eontraiy, exists in the pancreatic cells as zymogen, 
and requires activation by enterokinase or by actd before it is 
^able to attack protain. 

The enzyme of the polynuclear lencoeytiw. which may be 
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conveniently designated " leucoproteaee, " may be purified 1 
precipitation with alcohol, and after drying may be pr^en 
almost indefinitely." In the moist state, the enzyme thus pn 
pared is destroyed by heating at a temperature between 
75° C. Temperatures between 50° and 6p° C. acting on the co- 
ityme during half «Ji hour increase its activity. It acts in an 
alkaline or in u. neutral medium, but is inhibited by acid. Sodium 
carbonate in concentration of 0.2toil..'i per e#nt. favors its nctiun ; 
greater concentration is destructive. The enzjTue is macb lesa 
active than trypsin, but it is not improbable that it« activity, 
tested outside the body, is less than its activity under the fav- 
orable condiljona which doubtless exist nithin the leucocyte. 

Examination of the properties of the enzyme which has been 
described, demonstrates that it is not identical, as several writ«rB 
have claimed, with the alexin or complement of the blood- 
serum, for the latter, it is well known, is destroyed by heating 
to a temperature of 5(>° 0. Jochmaiin-" has shown that it ha| 
no bactericidal power and asserts that it digests bacteria whicl 
have been killed by chloroform or by heat, whereas it fails t 
dissolve living bacteria. 

It is not difBcult to bring proof '" that the cells which a 
mulate in response to the presence of an inflammatory irrita 
contain a second enzyme capable of digesting albuminous s 
stances; ita properties are different from those peculiar to t 
enzyme of the polynuclear leucocytes. The enxyme which i 
obtained by treating the cells with alcohol, it has been ma 
tinned, acts in both neutral and alkaline solutions, but i 
live in acid ; the fresh cells, however, dipest in acid as well i 
in alkali. This observation suggests that alcohol destroya i 
second enzyme, prawnt in the fresh cells. Further study hu 
shown that this second enzyme is more labile than leucopw 
tease; for whereas temporary heating to temperatures between 
50° and 65° C. increases the activity of leucoprotease, it 
greatly diminishes the activity of the enzyme which digests itL 
the presence of acid, 

I have previously cited many observations which show t 
two types of cells are abiuidant in all inflammatory ( 
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which exhibit i tendency to rosolve. When ali^uronat is injected 
mto the pleural cavity of a dog th<.' proimrlion of large moiioHu- 
clpar r*)l8. which act as phagocytes, gradually increases and 
with this increase there is iiicrpusing power to digest in the 
presence of acid. I have already pointed out that the phago- 
cytosis of micro-organ isms, foreign partides. polj-nuclcar leu- 
cocytes, red blood corpuscles, and cellular debris begun in the 
pleural cavity is completed in the regional Ij'mpiiatic nodes. 
At the end of four or five dsys after the onset of inflammation 
incited by slearonat the retrosternal lymphatic nodes arc 
cnonnousiy enlarged beyond their nomisl size and their sinuses 
are distended with large cells identical with those in the pleural 
cavity and actively engaged in the phagocytosis of polynuclear 
leucocytes aad other cellular elements. An emulsion prepared 
from such a Ij'mphatie node in which mononuclear phngocytea 
are predominant, fails to digt-st protein in ftn alkaline or neutral 
medium but exhibits active protw>l}Tti8 in the presence of acid. 
Moreover, this form of enxj-motic activity increases with the 
duration of the changes in the node. The regional lymphatic 
node contains in almost pure form that enzj'me which in the 
exudate increases with the increased niunber of macrophages. 
I have suggested for this enzyme tiie name " Ij'mphoprotease. " 
This enzyme, like pepsin, acts in an acid medium and is 
inhibited by alkali ^ but it is not identical with pepsin, for it 
nets with greatest activity in a very weak concentration of 
hydrochloric acid and is destroyed by that strength {0.2 per 
cent.) which is favorable to the action of pepsin. It is more 
closely related to the autolytic enzyme of various tisanes. The 
factor of essential importance is the increase of this cnxj-me 

rhieh is associated with an increase of large mononuclear phago- 

in the cxndatc or with an increase of similar cells in the 

phatie nodes tributary to the inRamed area. 

The enjtjTnps which have liecn found in the cells of the Mrous 

inflammatory exudate just described are present as well in 

fibrinous exudates." When n small quantity of turpentine is 

ieeted into the pleural cavity, coagnlable fluid accumulates 

reaches a maximmn at the end of two or three days. The 
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exuded tibrin, which contains polynuclear leucocytes duri 
the first three or four days of inflanimation, undergoes soluti 
when suspended in an alkaline medium, whereas at a I 
period when polynuclear leucocytes have disappeared, 
property is lost. On the second or third day after onset of th« 
inflammatory' reaction, products of proteolytic digestion appear 
in the serum ; reactions indicating the presence of albumo8e are 
n.'adily obtained, ^ucb decomposition products are doubtless 
absorbed with great rapidity, for large quantities artificinlly 
introduced disappear from the exudate within twenty-four 
hours. 

Although leucocytes contain active enzymes, seroua i 

matory exudates containing cells in abundance fail to undei 

autolysis. Experiments which I made several years ago have 
explained the absence of such autolysis and have disclosed a 
mechanism by which Uie activity of the enzyme is limited to 
the locality in which it is needed. The cells of the cxudj 
separated from the serum undergo autolysis and are capable 1 
digesting foreign proteiu; but if to the cells the exuded a 
is added, digestion is wholly inhibited. 

The seriini contains some substance capable of rcstraini 
the action of the enzyme; it is convenient to designate this a 
stance "antienzjme," without implying thereby that it i 
specific antibody adapted to combine with enzj-me in accord 
ance with laws of chemical union. The antienzymotic aetioi 
of the exuded serum is exhibited by the serum of the blood a 
well; it passes with the senun into the inflammatory exudate 
The observation of E. MJiller" that the aulien?yrae fails t(^ 
enter the normal cerebrospinal fluid has a considerable intercjrt. 

The antieuiyme is destroyed by healing to 75° C. Il, in 
apparently attached to the albumin fraction of the serum for 
the globulin exhibits no antienzymotie action, whereas ih- 
albumin fraction is active. The antiaction occurs in an alkalim 
or neutral medium, but is destroyed by acid. The phenom- 
enon can be accurately sludicd hy adding to weighed quantities 
of leucoproteusc different volumes of serum. Such expert 
ments do not afford evidence that enzyme and antienzyme e 
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Kinc in detinite quanlities. Nevertbelesn, if to « fixed iiusutily 
iif wnim, increasing <iutintiti€8 of enzyme are added, a point is 
reached at which the serum fails to restrain completely the 
Mtivity of the enz>Tne. In the study of suppuration this 
^bnervation has considerable importance. 

AnlienKymes in the blood serum similar to that which 
wtrains tho action of leucoprotease have long been known. 
I in 1897 showed that the Mood-serum inhibits the action 
nf Irypsiii. It in not iniprobabir that the inhibitory effects on 
trypsin and on leticoprutcusc nrv dependent upon some pecu- 
liarity of the same snbstance, for .Incbmann and Kantorowicz " 
have fouud that blood-serum whicb has abnormally high anti- 
tr>'ptic action exhibits an increased ability to restrain the action 
of leucoprotease. Furthermore, there is no speciBc relationship 
between the enzyme of one speciw* and the antieniyme of the 
same species: the senmt of the rabbit has greater autienzj-motie 
action on dogs' enzyme than dogs' own serum.'* Birds' serum, 
unlike mammalian serum, fails to inhibit leucoprotense, which 
is peculiar to mammals. 

The relationship betwi-i-n leueoproteaue and its nnlienzymc 
B the serum furnishes a mechanitan by which the action of the 
! is limited to the locality in which it accomplishes iu 
hanetion. Th^ polynuclear leucoi^vte in suspended in a fluid 
Irbicb u«:;tralizes the effect of its enzyme, should this enzyme 
! «t fr*^ by disintegration of the cell or by other means. 
Tien the polinuclear leucocyte ingests a solid particle of 
protein mutter, fur example, a baeterinm. it removes it from 
potact with the senim and brings it into contact with itK 
tizyme. 

The mononuclear phagocytes are subject to a similar influ- 
i-nce, for numerous cxperimcnta have shown that the enzj-m^ 
which they contain is restrained by the aerum of the blood, 
and similarly by the serum of an inflammatory exudate. In 
what degni' this anlienzymotie action depends on the apparent 
alkalinity of the Henim, and in what degree on a thermolabile 
lotibody, has not he«n established. 

The relation between leucoprotease of the polynuclear leu- 
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cocytes and the antieii/.yme of the serum has nen'ed to 
the essential nature of abseeas formation. Ribbert " defint^ 
suppuration a^ follows: "It is an intense inHummation with 
which pol>Tiuc!ear leucocytes wander from the blood'TMaela 
in unusually great quantity; the tissue is softened and th« 
serum between the collected pus cells does not coagulate." It 
may be added that solution of tissue iu some instances hae^ 
beneficial result, for softening of the least resistant tissues nt^H 
result in aupcr6cial rnpturp with healing: withovit escape <JH 
puB, it is well known there is little tendency to heal. * 

The peculiar appearance of pua is in part dependent on 
the presence of a great quantity of pus cells saapen(l«<t in » 
relatively small proportion of fluid. A serous or serofibritiouii 
exudate, on the contrarj', contains abundant fluid and n rrla- 
lively small proportion of cellular elements. Whereas the 
rtenim of the serous or serofibrinous exudate inhibits the diKvs- 
tive action of leucoprotease, the serum obtained from pus not 
only fails to inhibit leucoprotease, but itself contains unre- 
strained enzyme." By (^sintegratioii of leucocytes, doubtless 
referable to the inflammatory irritant, increasing quantitiea 
of leucoprotease have been set free, so that the antienzymoUc 
activity of the exuded serum is finally overcome. The pn 
teolytic enzjTne may now come into contact with tlmiP I 
with fibrin, and softcninp is the result. 

The following experiment serves to explain why tie I 
irritant in the same quantity may oause two different type* of 
inflammation. If a small (luantity of turpentim- is iujoctt^ 
into the Nubcutaneoiis tissue of a dog. n large flucliiutinp abi 
filled wilh creamy pus is fonned within four dayia: ihpre \ 
wide-spread undermininR of the skin. The same quantity t 
turpentine injected into. the pleural cavity causes a serofihrinoor 
inflammalion which undergoes resolution so that the pleural 
cavity is restored to its normal condition after about ten days; 
there is no destruction of tissue and a scar is not formed. In 
the subcutaneous tissue only n small amount of oKlematous 
exudate can accumulate; the undiluted irritant causes active 
migration of leucocytea «<> that the antibody nf )Hj> «xattod'l 
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serum is aoou overbalaiiced by the enzyme set free by dism- 
Icgrnted pus cells. In the pluiiral ravity, ou the contrary, a 
lar^ quantity of serum quickly accumulates aud the exudate 
is serolibrinous instead of puruleut ; the antienzyme it contaius 
is capable of holding in check the leutroprotease of the accumu- 
lated leucocytes. If a bit of the fibrinous exudate is suspended 
in the exuded serum, it is preseri'^d intact. Nevertheless, by 
repeated injection of turpentine nt nhurt intervals into the 
pleura] cavity, accumulation of Irucocylf* may be prolonged 
so that finally a condition is produced in which antienzyme 
can no longer restrain the enz>ine. The softened fibrin of such 
an exudate quickly disintegrates in the aemm of the exudate. 

The foregoing observation introduces a new factor into the 
discussion concerning the pyogenic activity of many bacteria. 
It helps to explain how the typhoid bacillus produces abscesses 
in certain situations such as the kidney and bouc) how the 
pneumoeoccua, which rarely csuses abscess of the lung, in which 
conditions are somewhat similar to those within the pleural 
cavity, may cause suppuration in oth«>r loealitiex, such as the 
middle ear, or in the subdural space ; how the tubercle bacillus 
m«y, under peculiar conditions, cause true Kuppuration. 

It is noteworthy that the normal apinsi fluid, unlike other 
iKxly fiuids, contains neither enzyme nor niiticnzyme. aud for 
this reason, Dochez" has made a special study of the changes 
which occor in association with intlsmmnlion. With epidemic 
meningitis, antienzymt- may enter the spinal fluid and quickly 
|i leaves it. With more virulent infection caused by pneuroo- 
jcujt or (ttreptoeoccus. enzyme derived from diKinlegrated 

idynuclear leucocytes gives tu the (Inid well marked power to 
nt protein. Such active enz^'rae jiHelf doubtU^w iicTh as an 

Htant and increases the severity of the disease. 
A few writers, notably M«n>hand. e^elmlo the infiwtious 

ranulomata from the domain of ioflammstion; they are thotte 
who, on the one hand, socepl the opinion of Rsumgarten that 
the tubercle is formed from elements of the fixeil tisnue, snd on 
the other hand, do nut apply the term "inflammation" to 
r^enermtive channen in the fixed tissue. Xevertheleas, the 
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greater number of patliologists give weight to the truth that 
the tubercle is formed by a i-eaction in response to the prew'uce 
of an invading parasite, and this reactioa, in its t-arly Kt&ge, 
is identical in character with that which follows the entrance of 
other bacteria into the tissues. Tuberculous tissue, moreover, 
is composed in large part of so-called epiUielioid cells ; ittuv 
cells have the anatomical structure and phagocytic activity of 
the large mononuclear celts which predominate in the later 
stages of an acute inSammatory reaction. With present knowl- 
edge, it is impossible to define clearly the relattonshiii of th^ 
tubercle to the later stage of inflammation, for the available 
evidence has permitted no agreement concerning the origin of 
the epithelioid cells. Study of acute inflammations producMl 
by a sterile foreign body or by bucteria demoiuttrutes with con- 
siderable certainty that lymphoid cells leave the blood-vesaels 
and, it is probable, assume the characters of macrophages. In 
the immense accumulation of cells which follows, the identity 
of various elementa is lost and nnly the uncertain means of trac> 
ing transitions from one form to another is available for deter- 
mining origin of various types. Large mononuclear cells are 
accumulating in the tuberculous and in the, non-tul>erculoiix 
inflammation after the first twenty-four hauns. There is nu 
doubt that small round cells with the character of lymphocytes 
accumulate in the neighboring blood-vessels and migrate from 
them during the formation of the tuberculous lesion. Though 
transitions from this lymphoid cell to epithelioid cells are not 
wanting, there is no convincing evidence that one is derived 
from the other. 

Polynuclcar leucocytes occur in scant number in tnberclm 
found at autopsy; yet in man (Benda), as in other animals, 
they are tlie first colls to accumulalc alwut tuberclp bacilli which 
are free in the tissues. Within iin Imur iifti-r injection of 
tubercle bacilli into the blood or into a seroiw cavity, they arc 
surrounded or ingested by polynuclciir leucijcytes; mononu* 
clear cells subsequently appear. In Nome animals, polynuclear 
leucocytes are very numerouo in tuberculous tissue. In the 
dog, during the first few weeks after inoculation of the pleural 
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(itvity, poljTinclear leuMwjies ociMir in immenfte number in the 
tubereiilouK timue which is formed in and on the mediastinum. 
Thp relative abundance of these cells is dependent on the ch&r- 
acter of the bacillus, and in some degree is an index of the 
activity of reBistauce npon the part of the host. Virulent 
tubercle bacilli excite a more active emigration of polynuolear 
leucocytes than non-virulent orgrauisms. 

If the lesions which are classetl as iufectiouft granulomata 
are passed in review, various conditions intermediate between 
the tubercle and a simple abscesN are found. The actinomycotio 
nodule has many of the charsctera of the tubercle, yet poly- 
nuclear leucocytes are so abundant that a small abscess is 
formed in the immediate neighborhood of the micro-organism, 
glanders, in man and in lower animals, is usually characterized 
by abundant accumulation of polynuclear leucocytes with 
necrosis and suppuration. Duval and White '• have shown that 
the eharueterof the lesion produced in animals varies with the 
virulence of the micro-organism. Very virulent strains of the 
hacilluB of glaudeni rapidly cause necrosis of tissue and forma- 
lion of small abscesses in the liver, lungs and other organs, 
whereas less virulent orgmnismx produ<.*v nodules which arc 
composed of epithelioid and giant eelln and have all the char- 
acters of tubercles. 

The specificity of the tubercle is impaired by the ubservatioo 
that various sterile foreign bodies produce somewhat similar 
nodular lesions. When, for example, finely powdered meal 
(Kopec") in suspension is introduced into ihe peritoneal 
cavity, the particles arc collected tt^cthcr in clumps and 
tuberele-like nodules are formed about Ihe clumps xcatlered 
u|>on the peritoneal surface. In other mpects these foreign 
lw<ly tubercles do not accurately reproduce the histoluicicAl 
ppcnliarities of the tnie tubercle. Similar foreign body 
tubcrclcM have been found scattered throughout the periUineBl 
cavity when, under conditions which cannot Ite accurately 
defined, food particles have entered the cavity through a pe 
foration io th« wall of the ^astro-intestinal tract. 

It ia wedl known that the tubercle bacillus containa an inaoi 
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ublc wax-like substance ou whicb, in part at least, depcatls t 
ability to resist solution in Ihe tissues; it is not improbabl« 
that its peeuliar staining properties are dependent on the seme 
substance. Such wax may be obtained by extraction froni 
tubercle bavtUi and introdueed in suspension into the body < 
an animal first attracts polymiclear leucoe;^'tes ; later mononqj 
clear phagocytes accumulate, and among them occur giant c 
At the periphery a fibrous capsule is formed; the wax rem 
undissolved (Tschistowitsch'"). 

One form of pseudo-tubercle accurately reproduce* 
histological characters of the true tuberele. About the < 
of the blood-fluke Schistosoma japonivum deposited in the liw 
and in the intestinal wall nodules with all the characters < 
true tubercles are formed. Through the kindness of Dr. Henr] 
J. Nichols," I have lately had opportunity to examine tissual 
from a case of schistosomiasis occurring iu the Philippin 
Islands. The nodules are composed of epithelioid coi\n eontnin 
ing giant cells; at the periphery of the nodule lymphoid celU 
are abimdaiit. Coagulation necrosis with the histological c 
acters of caseation occurs in the centre of the nodules in cm 
tact with the egg. and the epithelioid cells at the margin of i 
necrotic area aasume the arrangement frequently seen in tn 
tubercles, namely, with long diameter at right angles to 1 
margin of necrosis. 

The observations just described suggest that the tuberelij 
has a close relationship, on the one hand, to the late stage t 
acute inflammation at a time when absorption is in progi 
and, on the other hand, to the changes which m-eur about i 
insoluble substance. 'I'he histological data which are availabltJ 
fail to furnish conclusive evidence concerning the origin i 
the macrophage, which has nn important part, iu acute mflAi 
mation, nor of the epithelioid cell uf the tubercle. Both ceUi 
are capable of ingesting and dissolving protein bodies, and I: 
contain enzymes with similar properties. 

The dog offers a favorable opportunity for study of I 
enzymes of tuberculous tissue and for comparison of t 
enz^-mes with those prettenl in the sterile inflammatar;' exudate! 





INFLAMMATION 



417 



en] 



licti (ire readily obtainable frum the same animal/' When 

tubercle bacilli are injected into the plnirftl cavity, hu immense 

of tuberculous tissue is formed in tlie mediastinum and 

the adjacent lymphatic glHutlit undergo cnonnou* hypertrophy. 

The power of this tissue to diR<«t protein material exhibits 

certain noteworthy peculiar! tiea. During the fittt two or three 

weeks after its formation polynuelear leucocytes are abundant 

and it exhibits the ability inherent in the leucoprutease of tlie«e 

cells to digest in the pn^raencc of an alkaline medium. At a 

later period with the disappearance of polyuuolear leiicocylM, 

this property diminishes and ix finally lost In the early period 

of its formation the tuberculous tissue digests in weak acid as 

well and ot a later period when leucoprotcase is mi longer 

demonstrable the power of energetic digestion in acid persists. 

The enzjTue which has this property inny f>e extracted from the 

cells with water and preserve<l during a Hnilteil period of time. 

Then! is little doubt that it is contained in the epithelioid cells 

which digest within their suliKtance tubende bacilli, polynuelear 

icocytes, red blooci-corpuacles and other cellular elements; 

h cells constitute almost the entire hulk of the newly 

led tuberculous tissue. Moreover, when the tuherculoun 

iue undergoes cusention and the epitJu^ioid celh undergo 

rosisso that a ft hroiw capsule alone persists, protein -digesting 

;ivity disapiwars from the tissue. 

Autolysis in the presence of acid is exhibited by the liver, 
spleen, and kidney, and these organs exert a limited power to 
digest foreign prot^-in. There are at pmtent no available means 
of determining if the enzyme of tuberculous tissue is a )>eculiar 
^nxymv or is identical with the uutolytic enzyme of certain other 
lies. Of especial iniereNt is the olMervation that the enzyme 
phagocytic cells which are capable of intrncellulsr digestion 
more active than the anti»l>tic enzj-mi-)*. Opportunity for 
accurate comparison is afforded hy the liver studded wifli 
innumerable miliary tiiWivles. Such tiiwue contains much more 
enzyme than normal liver. 

A peculiarity of thn acrotts ofTusion which accnmalatw in 
infected pleural cavity in contact with the tuhemdooB tiagne 
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previoiifily described emphasizes what liaa been said concerni 
the character of the enzymes contained in this tiaaue. Si 
serous effusion, like other serous effusions, inhibits the 
of the polynuclear leucocytes but unlike the serum of ail Otl 
inflammatory exudates which have beeu tested, fails to restri 
the enzyme which is abundant in the tuberculous tissue. 

To complete the study of enzymes produced dnting 
course of an inflammatory reaction, it ia necessary to examine 
the adjacent lyraphatie nodes. Suoh tulwn'ulous nod^ Hhow 
enzjTnotic action which differs in no respect from that of tlw 
tuberculous mediastinum. The sinuses of the node are tilled 
with large moncauclear phagocytes, many of which contain 
tubercle bacilli. Before caseation has begun, the histologii 
appearance resembles that of the same node during the 
stBges of pleurisy produced by a sterile irritant such us ali 
ronat; and in both instnnoes there ia active euzymotio po^ 
of the same character. 

Evidence of the existence of lipolytic enzj-me in the cells 
tuberculous exudates and in similar mononuclear cells 
other sources has been obtained first by Bergel." On plates 
wax small excavations are produced after a [leriod of incu1 
tion by exudates containing lymphocytes and especially by 
exudate obtained from so-cjiUed tuberculous abscesses; ordJi 
pus produces no superficial solution of the wax plate. Ti 
culous pus-like exudates, moreover, are capable of splil 
neutral fat obtained from butter. Lymphatic gland and 8[ 
pulp have similar lipolytic action, hut bone-marrow, according 
to Fiessinger and Marie," who have confirmed the observaUoi 
just cited, fails to exhibit it. These authors have injected 
and various fats into the stilicntaneous tissues and peritoDi 
cavity of animals and have found that polynnelear leucocj 
first accumulate; an intense mononuclear reaction follows sod 
effects the absorption of the fat. They think that the wax4ike 
substance of the tubercle bacillus is dissolved by the lipolytic 
enKJ^ne of the mononuclear cells. 

The conditions uuder which in the body the intraoeUnlir 
enzymes act and the factors which bring them into aetloo 
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LDt clearly uiidnrNtood. Intrai-clUitar (li^ntliiiu hy aiiiLBbaa and 
I other protozoa wcurs in the ptTHcnci- of an acid medium tuiil 
■ irraniiW of litmim, and other iniliirat'irs ingeslt'd by amatbsH 
lnndiTKD tbo usual toior chau^'es iudiralive of aii acid reaction. 
jWhon phagocytic t-elU of vprtobratwt arc iUIow»m1 to ingest such 
lindicHtoni in granular form, no such change of color occtus. 
llVhatever change of reavtion otvura in not indicali'd hy this 
I gross roetfaod. 

The enzyme of the polyuuclcar leucocytes is active in a 

oiMilral or alkaline medinm an<l itii In-havior in intro indicaten 

that llie reliction of the normal body lluids is favorable to it. 

I Tbf acids, siioh as acctif acid, which have usually hw-u eiuphjycd 

kto demonstrate the activity of the enzjTne of the mononuclear 

rphagi>cyt«s are not pivnent in the cells or in the senun. Xever- 

(thelesB, other acidifying siitwtauceM Mieh ah carbon dioxide, or 

(lactic acid, are capable of bringing the enzyme into action. It 

R not improbable that condition^ whieli diminish the oxidation 

Wot pathological tissue or inhibit its gsMeous intercbange increase 

UtH acid content and produce conditions favorable to the action 

•of the «nzyme. 

Holntion of bacteria, such an pyogenic wtcci. is doubtleaa 

leffected by the pniteolylic enzymex cotitaii)e<l within the poly- 

Knnclear leucooyteM. MetchnikolT has brought abundant proof 

Ihat living bacteria are ingested by the lencocylcs, but it is 

incertain what part enzymtw have in ilestroying haclena. The 

proteolytic enzyme of the leucocytes and the bactericidal com- 

' plement of the wnim are not identical. Abundant histological 

evidence previously cited has shown that the mommuclear cells 

which accumulate at the primary wite of intlammation dissolve 

within their substance polynuelear leucocyltw, many of which 

have probalily iind(.'rgnn>- dcgi-nerativu changeH before they 

have been ingeat^: thin proi'tw h cnntinueit and completed 

I in the adjacent Ij-mphatie nodm. Indeed, it in not improbable 

that polynuelear leucocytes, tngi»ther with other products of 

timue degeneration, aerve as the principal slimuhis to the 

fsctivity of the mononuclear cells. Such tntroccllulflr dt(|;«8tiou 

f polynnclaar leucocytes i« the first step in the reaolntinn of an 
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iudammiitory exudate. There is scant evidence ibat polynfl 
clear leucocytes disappear by autolysis unless suppurati 
occurs. 

Absorption of fluid constitutes a second factor in the i 
lution of an exudate. When, with diminiahing activity of the 
inflammatory irritant, exudation from the blood- vessels cease*, 
the physiological factors which favor absorption of tissue juic^ 
rapidly diminish the accumulated fluid unless the inflummsU 
irritant or intlammntion ilself has pn)duced changes which alu 
the adjacent vascular and lymphatic structures; necrosis, huj 
puration, which is always accompanied by necrosis, tuid nol 
formation of flbrous tissue, three conditions which are i 
associated, produce such structural changes. 

The large mouonuclear cells which act as phagocyted are 4 
first only slightly larger than the cells which they ingest, 
those which are engaged in digesting many cells attain 1 
size. The fate of these large cells after 4hey have acconiplishflj 
their function is probably not always the same. Some may r 
lymphatics and reach adjacent lymphatic nodes. Acoorc 
to Maxiniow, some undei^o degenerative changes, where 
others remain in the tissue. It is not improbable that di«a^ 
pearance of exuded fluid produces conditions unfavorable 1 
their prolonged existence and many probably undergo autu 
lysis. Diminished blood-supply and other factors which t 
impair oxygenation doubtless incrcBBe the acidity of their i 
toplasm and favor self-digestion. 

Human pathology affords numerous instances iu whld 
inflammation pursues its courtte without noteworthy dea 
tion of tissue and, followed by complete restoration to nnn 
is unaccompanied by any flbrous induration of the port, I^ 
pneumonia, acute sen>fibrinous pleurisy and erysipelas may t 
cited. Such inflammatory reactions are well represcnlifd by lh| 
aerofibrinoiLs inflammation which follows the introduction 1 
turpentine into the plenral cavity of an animal. The fibrin 
such an exudate undergoes autolysis in i.'i(ro nuder conditions 
which indicate tlie presence of leucoproteaae only during the 
flrst three days after onset of the renctinn. During this early 
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Ktage autolyKiK 'wcurs whin llir tibrin is hukp«iii1ikI in weak 
ncid and tliU ability to uiid^rgii self -digestion in ncid poraistA 
at a later stag*.' when fluid haa uomplrttly (Usappcaird froin 
the chest. Fibrin obtaint^d by whip]iiii|f fn'uhly rirawn bliK>ii 
exhibitA the same property. Since the Wood-Berum contains an 
xhibitiiig similar proteolytic activity it is probable that 
fibrin carrien with it Rome of this entyme when it iK precipitated 
during; t^HjaguIatiim. Aiitol^'siK referable tu Uio presence of 
thin enzyme may explain Ihe diKappearaiict' of fibrin which 
pereists afttfr the fiitid of an exudate haa been absorbed. In 
■ome inxtancex under conditions which arc not underatood, 
fibrin fails to undergo abnorption and organization with new 
formation of fibrous timiu' foltowR; fibrin is then slowly 
absorbed and replaced. 

Further evidence that formation uf scar tissue is not a 
jtecfwtary result of inflammation even when the reaction is 
icau^rated by extensive destruction is afforded by recent 
rxperimcnts of Whipple and Sp*-rry" on the necrosis of the 
liver after poisoning by chloroform. The hepatic cells con- 
stituting a large part of the liver lobule undergo coagulation 
necrosis; a conHiderabIc number of large mononuclear phago- 
cytes collect at the site of injury and accomplish the abwirptioQ 
of the dead liver cellB. By active multiplication of adjacent 
liver ftella, the parenchyma which has been destroyed is replaced 
■nd no new formation of fibrous tissue follows. The li\-er is 
restored to normal and there is complete absence of cirrhosi*. 
though a bit of tissue removed three weeks before has demon- 
ttrated necrosis of three-fifths of each hepatic lobule. 

Ilimian pathology affords little I'vidence that tnbereulomi 
exudates may undere<i rfisohitiou with rwrtirntion to normal; 
yet such resolution is doiiMlesi poasible and is probably accom- 
plished by the same enzymotie action, which brings about the 
Isappesrance of an acutely formed exudate. Esperiraenta of 
Nichols " have nhown that the exudate of tulwrculous 
leumonia in immune rabbits undergoes complete reaobition. 

Aft«r suppuration ha.* ocourr«d, restoration lo normal by 
ie processes which have been described is no longer posaiWe, 
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The inflaimoatury reaction purenwi tlie course wliidi bn 
to au end only when enzymes set free by disinteKratiai 
poljTuiclear leucocytes are fully held iu check by tie ( 
which accumulates. When intensity of the irritant calls 1 
increasing numbers of leucocyteti, and the density of the tissue 
affords restricted opportunity for neeiiiiiulatinn of fluid, free 
enzyme overbalances antienzyme and tibrin, necrotic tiss 
and perhaps to a limited extent udjaci-nt living tiaauea undei 
solution: in the wall of the abai-esa fibrous tissiie is fnnno 
what is the immediate stimulus to the new formation of fibn 
tissue has not been determined. 

8ince long-continued inflammation is associated with aai 
formation of fibrous tissue, such sclerosis has been commonl 
used as an index of chronic inflammation. Increase of intsj 
stitial tissue may furnish evidence of pre-t'xisting inflammAtfal 
even though the regenerative eliangcs in the connective tis 
are not included in the conception of inflammation. Nevei 
theless. the resulting confusion has introduced many i 
sistencies into the nomenclature of disease. 

In many instances of hepatic cirrhosis, the increased int^ 
stitia) tissue is sclerotic and scar-like and all evidence of inttaiii^ 
mation is wanting; the lesion, indeed, hns all the chanu'ters of 
a scar and chronic hepatitis is not more applicable than in 
chronic inflammation to the scar from a bum of the alrin 
TMarcband). The same remark is applicable to certain U^M 
(itanccs of grannlar atrophy of the kidney and to chronic leao^H 
of other organs. Ruch diseases are a combination of de.gei)ei<|^| 
tivc change, notably nei'rosis, infiammatorj' reaction, regener^H 
linn of parenchymatous elemc-iit:^. and regenerative cbang|^| 
affecting the int*'ratitial tissue. Tlie relationship of tha^| 
processe.s has not been sufliciently aoslyeed. ^M 

In most instances of so-called chronic endocarditis the sxi^H 
iiig lesion, perhaps preceded by inflammatory changes, ^| 
sclerosis of the valvular segments, and functional derangeme^H 
of the valve is referable to peculiarities of scar tissue found ^M 
any part of the body. The same objection is applicable ^M 
fibrous myocanlitis, applied to the Ic-iion which opcnra in aM^| 
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ciatiou witb art«riul diseuH:, impuiriDg tlio vuscular supply ol' 
the cardiac muecJe. The coinmuii designation of chroaic 8rt«ml 
disease dwa not have the affix "itia" indicating its indamnin- 
tor>' ongin. but artenosclerotiiH is used a]tno«t Hynonj-inously 
witb endarteritis and mesarleritia. lesions in which degenerative 
and re^uerative cliauges an' conspicuous, whercaij tn»t intliim- 
jnatory reaction is in most instatiem wiioUy absent. Tboins 
pointed to the truth that the present use of the term 
'chronic intlaininntion." applied to the Vtvttv, kidney, heart, 
itood-vesela, and other organs, means iiotbiug more than 
iinic diseaw'. Study of |)athok>gical slnieture, eagerly pur- 
sued during the last two centuries, is not infnKinently regarded 
anprofitablv field for investigation and perhaps this view 
ia correct should its scope be limited lo the observation and 
description of pathological lesions; but examination of present 
lowledge concerning the naturt^ and eluMsitication of various 
»nna of intliuumatiou shows how meagre in our knowledge eoii- 
verning the significance of altered structure. 

If it were possible to d*>t!ne the origin of the mononuclear 
cells concerned in the inflammstor>- n^actiou of all vertebrate 
animals as well as it i» possihle Uy define the eharacter and 
source of the common pol>T)uelear leucocytes concerned in the 
same phenomenon, it might lie piMstblc to describe with an 
accurat(> generalization the essential nature of the cellular 
lumulation which follows the action of substances foreign 
tissue. The possibility thai the vnriouH mononuclear cells 
acctUDuIate are derived from the lymphocytes of the 
'er» attractive solution of the matter; but proof iis 
A definition of inHammation. as Metebnikoff has 
out. miwt be applicable to Ihe i-ntire animal kingdom 
iless it can be shown that the ehangea wliich follow the same 
ilus in one group of animals nrr dilTcrenl fF^m those which 
'ttecur in another group. MetchnikofT hax ahown very clearly 
that the possession of a well-fonned vnscnlar system docs not 
furnish this distinction. 

In order that the cells which aceumulate at tho site of 
intlammation may present their vitality, a proper tDedtom is 
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essential ; exudation of serous fluid serves to dilute the in 
matory irritant and doubtless to furnish to migratory o 
suitable habitat 

To survive, an organism must prevent, or at least i 
limit on, the entrance of foreign substance. Identical 
nomena follow the entrance both of an insoluble foreign 
and of a living invader capable of multiplication. The excli 
of inanimate material is relatively simple, but the strung 
one group of living beings to exclude other groups has 
the source of almost infinitely complex relationships. The 
culty of distinguishing what is physiological and what pi 
logical is here obvious. Since partial exclusion of bactei 
an essential condition of life, it is not inconceivable that sp 
powers which accomplish no other physiological function 
have developed. Phagoc3rto8is of inanimate particles, sue 
carmine and charcoal, occurs equally well in serum an< 
normal salt solution, but most bacteria must be altered bj 
serum (acted on by opsonin) in order that phagocytosis at 
its maximum activity. It is probable that agglutination 
precipitation have a part in the phenomena which, during 
course of an inflammatory reaction, fix and finally des 
certain inflammatory irritants. The bactericidal substance 
the serum, both those which are normally present and t 
w^hich are formed during the progress of immunization, 
brought by exuded serum to the site of inflammation. Se 
and cells co-operate. 

From another point of view, cellular migration from 
vessels and within the tissues may be regarded as a procesi 
which certain enzymes are quickly concentrated at a p 
where they are needed. Study of the protein-digesting enzy 
of inflammatory exudates has shown that cells and serum n 
maintain certain quantitative relations in order that the infl 
matory reaction may accomplish its purpose and pei 
restoration to normal without excessive destruction and rej 
eration of tissue. Disturbance of this balance is followed 
grave consequences which give to suppuration much of 
ominous character. 
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Throoghoat the antma] kingdom, the indammatory re&ctioa 
nffiirdB means by which rarioua substances, notably enzjTnea, 
are delivered in unusual '(iiautity in response to nnusual local 
need. Inflammation may be defined as the priNiesH by means of 
whieh cells and serum accumulate about an injiinous aubstanee 
and tend to remove or destroy it. In lower animals with no 
Vttscular system this process with tittle or no accumulation of 
fluid occurs in the supporting tissues. In higher animals, it 
b^ns in the supporting tissues, proceeds with the co-operation 

ypt the blood-vefisels and is completed in the adjacent part of 

mite lymphatic system. 



InSanunation is a process which tends to render hannlesM 
an injurious substance; it has its site in the interstitial ti»ue of 
the body. This tissue consists of fixed eells and fibriUsted sub- 
stances and is penetrated by closed lymphatic vessels. With 
inflammation certain cells mi^ate through the wall of the 
blood-vessels of the part and enter the spaces within the inter- 
stitial tissue. Some of these celhi are destroyed; othera pene- 
trate the endothelial membrane which forms the lymphatic 
capillaries and hence are carried by way of lymphatic vessels 
to the regional lymphatic nodes. 

Bacteria and many other injurious ttulmtances are attacked 
and ingested by the polynuclear leucocytes which migrate from 
the blood-vessels. These leucoc>'t««. often injured by the inflairi- 
malor}' irritant, are in turn inge«ted by large mononuclear 
cells (macrophages) which quickly appear at the site of inflam- 
mation. The origin of the»tc mononuclear cells is still undett^r- 
mincd. Ingestion of polynueicar leuoocytes and other cellular 
material is begun at thi> site of inflammation and rompletcd in 
the regional l.vrophatie nodes. 

The ability of phagocjtic cells to remove injurious material 
is dependent on the possefision of proteolytic enzymes. Pecu- 
liar to the polynnclear leucocytes in an enzyme which, like 
tr>-p8in, exerts its digestive action in an alkaline medium. The 
senim of the blood contains an antienxymo which restrains the 



«6 




HARVEY SOCIETY 



action of this enzyme ahould it be set free by disintegrati 
the leucocytes; the actioD of the eazyme is thus limited to 
locality in which it accomplishes its proper fnuction, naim 
within the cell. When enzj-me is set free iu siich quantity 
it overbalances the antienzyme of the exuded serum, suppura- 
tion occurs, for the purulent exudate has in virtue of its luire- 
strained enzyme acquired the power to soften and erode 
adjacent tissues. 

The mononuclear phagocytes which appear in the late 
of acute ioBammation. the similar cells which appear in 
regional lymph-nodes, and the cells of similar stnicture wl 
constitute the greater part of tuberculous tissue contain 
enzyme which, like pepsin, digests in the presence of acid. Si 
phagocytes are active at the site of inflammation, bat their 
is completed in the regional lymphatic nodes. 

Inflammation is the process by means of which eella 
.■tenim accumulate about an injurious substance and teud 
remove or destroy it. This process does not include the 
erative changes which replace injured lisaue by newly foi 
parenchymatous elements or by new interstitial tissue. Present 
nomenclature of chronic disease contains many terms which 
are inconsistent with knowledge of the underlying distitase. 
Terms such as "parenchymatous nephritis," "traumatic m; 
litis," acute "hemorrhagic pancreatitis" are applied to com 
tions which have not primarily the characters of inflammation 
the term "chronic inflammation" is applied to complex morbid 
changes (e.g., cirrhosis, chronic nephritis, myocarditis, arterio- 
sclerosis, etc.) ill which inflammatory' processes have 
nificant part. 
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THE PRESENT STATUS OF APHASIA AND 
APRAXIA* 

ADOLF MEYER 
Johns Hopkiiu Univctsity 

IF I understand my duty rightly, a Harvey lecturer from the 
field of psychopatbology has to present a line of iavestiga- 
tion giving a clear picture of the problems and methods of 
some itpecial domain of his acience. He most alao show the 
broader ramifications and. if poaaible, the ciHnmon interests 
between the physician and the researeb man, and the lines of 
live activity and co-operation. 

It was my aim to give you a picture of the present prob- 
lems of aphasia and apraxia and their correlation with the 
simpi'.r neurologiL-al integrations of the hemispheres on the one 
liuud. und the ramifii-jilioiis into /iN;/(7("path"l('fry on the othtr 
hand culminuting in the t-ffurts of Ihv Wt-rnii-ke JK'hiHil to maki- 
the theor>' of speech-disorders the foinidation of the theory of 
mental disorders. The material grew to such proportions that 
it would have made unreasonable demands on my audience. I 
have. tliiTefore. decided to limit myself in to-night's presenta- 
lion to a discussion of aphasia and apraxia. 
I shall cover the followintr ground ; 

1. A brief sketch of the cla.ssical theorj- of aphasia. 

2. The observations that roused mistrust in the fond delu- 
sions of jHTfection, and a sun-ey of our experience supple- 
mcntwl by some cases from the literature. 

'■\. The priiu'ipiil iinutoini'-iil anil fnni-tii>niil facts, and gaps 
iif knowlf<ljn'. <-(HK'cniiiiK 'bf organ involved, the cerebral 
lii'iiiisitliiTc, incliulintr llir sp^^■ial jidvanci's in the domain of 
iipraxia. and 

4. A Bummar)' of the questions worth the physician *s 
iittention. 

Passing the history of the problem with the mere mention 

' Delivered March 5, 1910. 
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of a few namee, we find Oall, Bouilland. and Dax, in the atagu 
of premonitiotu, then Broca claiming a localization of speech, 
vigorously opposed by Troueseau ; then a L-ieartng of the issues 
by the master-mind of Wernicke, and a practical and didactic 
adjustment by Lichtheiin, Charcot's pupila, Bastian, and 
Dejerinc'it school and otlicnt, with h n-vivai of interest in the 
later nineties, and a recent renewal of the dificuaaions follow- 
ing the publications of Pierre Marie. 

A mere glance at Charcot's and Lichtheim's schemes 
(Figs. 1 and 2} will recall to your mind the graphic summar>- 
of till.- variouM Ifuchings current when moKl of ns tirat l)Cgan Ui 
bp inleresliYl in the apluuiia question. 

We were taught localization of the •word-memories' in the 
leading hemisplK'rv: two kinds of memories, the motor in the 
Broca convolution, and the sensory in the firat or second tem- 
poral, considered to be distinct from the general articulation or 
bearing cvntres. independent centres specialized for language, 
ir possibly even special languages, and muKic {these indepen* 
•nt eentn^s are still maintained by Starr, Fig. '.i) ; further 

iai memories for reading in the angular gynu and writing 
In the second frontal gyrus; further connections beyond the 
word-sonnd memory and utterance eenlres, constituting the 
word-notion or internal langnage, not definitely localized. 

With these centres a number of damieal fonna of aphasia 
krcre stipulated (Fig. 2) r 

' 1, Subcortical or pure aphasias, abolishing either hearing 
or reading, utterance or writing of wonls, without interfering 
with the internal Inngungi— the Wionti sulxwriical. 

2. The cortical aphasias, involving; iutGrnal language or the 
use of language in thought : the nenxory with signs of paraphaMJii 
and difficulty of finding words and eapecitilly names of objects: 
and the motor, involving the planning uf words or at least of 
word combtnatiomt in 8i«'«h and in writing and even affectine 

reading; and cortical alexia involving also the writing. 

3. The transcortical aphasias, leaving the automatic sp««>eh- 
ihaiiiimiH at work hut without undcmtandinK or without 

tiative. 
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The oceaMonal discrepancies of theory and experience wei 
largely met either by Charcot's theory of individual difPerenca 
into auditory, visual or motor individuals, or by Bastian and 
Freud's claim of difference in the extent or kind of isolatio 
of the centres and character of the lesion ; and the bilateralit 
of the structures helped in the rest. 

My work in hospitals confronted me with the procUel 
iasues of aphasia ever since 1895. From the start, id the obsei 
vations at the Worcester Insane Hospital and later, X vri 
struck with the excessive dogmatism and the easy-going di* 
regard for many contradictions in the classical teachings. 

My first case {Fip. 4) with claxsical complete dctitrti(!tia 
of the Broca convolution was able to repeat words after me ani 
thus approached the type of transcortical motor aphasia (CJ 
The classical postulate would have been: l^ion of the Broa 
centre, abolition of practically all utterance, of ability t« repei 
or write (or even read) ; instead of that tlie patient nhowoi 
recovery of the ability to repeat words. 

Another case {R., Fig. 5) of rather complicated but ootn 
plete motor aphasia, with reduction to but one recurrent souiu 
(hi hi hi) and inability to write, had merely an extensive aub 
cortical lesion of the centrum ovale from beneath I /", lo beneati 
the angular gyrus. Thus we had a subcortical lesion for whal 
was clinically a typical 'cortical aphasia,' and in turn a revien 
of the so-called subcortical motor aphasias of the Uteratun 
proved that the majority of the cases of so-called subcortical 
aphasias had really cortical lesions. 

Another case (T., Fig, 6) merely with partial difficulty ol 
word-finding and limitation of vocabulary proved to have i 
lesion of the subcortex of IF,, extending backward as in the 
last case, only with very much less destruction. Still anothm 
case {Fro., Pig. 7), who, it is true, lived only six weeks, bnt 
with complete motor aphasia with some difficulty of under- 
standing, had a typical hemorrhage into the IcnticiUar nucleu« 
cutting also through the posterior limb of the internal capanle 
and no cortical lesion. Several eases with lesions in tlie regioD 
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to the classica] piirapfaasic speech disorder. Bot chance would 
have it thiat (Fig. 8) the firat autopsy on a senile case with 
motor aphasia of four mouths' duration, at Ward's Island, in 
1902, proved to present a lesion of Ca in the face and lower 
arm re^on, but no leaion of I F„ the Broca convolution ; and 
thus the confidence with which diagncHtos of lesions used to be 
made in aphasia dwindled perceptibly. 

In the meantime two divergent development influenced 
my attitude concerning localization; on the one hand, under 
the influence of the teachings of Hitgbliogs Jackson, and of 
comparative anatomy of the nervous system and the experience 
with certain selective effects of poisons and diseases on special 
parts of the nervous system, the plan (Fig. 9) of division of 
the body and the nervous system into a series of relatively 
independent segments, and a division of the nervous system 
into segmental and cerebellar and cerebral xuprmegmental 
mechanisms had impressed itself upon me, and with it the real- 
ization that we knew something of centres for excitation and 
disturbance of mechanisms, but less of their ai!tual functional 
and anatomical integration. On the other hand, the interests 
in localization were fostered by the remarkable development of 
the mapping out of definite cortex areas by the embryological 
method and especially also in the adult brain. Altogether, 
these interests and the rebuffs of the classical doctrines by 
nature's experiments suggCKted the advisability of collecting 
seriously all the facts within reach, and what I shall have to 
show is largely chost^n from the fruit of the highly appreciated 
collaboration with my former associates in the New York State 
Hospitals, and supplemcDtttl br anmi* specially important ob- 
servations from the literature. 

In 1906 and 1907, Pierre Marie precipitated a remarkable 
conflict of opinions. Briefly put, he ac^Mipts but one kind of 
aphasia or intrinsic speech disorder and that connected with a 
large temporoparietal zone, which he calls the Wernicke area, 
and considers only nx part of the sphere of intelligence; the 
pure or simple aphaaiaa he calls extrinsic disorders. He declines 
the existence of s pure auditory form, bat acoepta the existence 
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of pure alexia as an eQcroachmeDt of the lesion of the i 
zone upon the block of tissue representing speech -intellifi 
The disorders of utterance he throws all together under I 
term ajiarthria, as the effect of lesions in a leutii-uliir a)iio ^ 
'quadrilateral,' in front of the isthmus and beneath aud behi 
the third frontal gyrus (Fig. 10). For lesions in froat of C 
isthmus he denies the existence of the so-eallcd corticnl mobi 
apha&ia implicating writing, and especially when complicAtfl 
by difficulties of reading or understanding or intellectia 
encroachment, he claims them to be invariably combinal 
with a lesion in the Wernicke region. 

1 refer to this phase in the discussion of aphasia because I 
doubt many of you have your attention focuaaed on this i 
As far as possible I shall present my facts without polem 
interests, mainly as a picture of the material available to-d 
and a consideration of our present menus of arriving at < 
structive perspectives in this great domain of iinBnished wort 

I shall now pass the material for our inquiry before you, i 
almost barbarous brevity, but bo as to pick out the « 
points. 

1. The first case (8k., from the Rochester State Hospit 
has a remarkably well eircuraseribed destruction of the low 
two-thirds of the central gyri, and the greater part of P, (P 
11}, but perfect integrity nf the teulicular and caudate nm 
and most of the island (Figs. 12 aud 13). She presented, — I 

Right hemiplegia without noticeable sensory disorder. 

Gestures free : understanding good. 

Use of fingei-s for uumeraK Reading silent and summ 
not analyzed for words or letters. 

Absolutely no ulterauccs and nn writing obtainable. 

Condition unchanged two years and five months. 

To sum up: Lesion of left hemisphere; corpus strifttV 
free. Writing not obtainable — hence not pure loss of t 
utterance, and anatomically and functionally adverse 
claims of Pierre Marie. It might indeed be used for the i 
port of the classical conceptions. 

2. A case (iV.V.. from the Manhattan State IToMpital} vrifl 
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t tranHition of t'a t« F, and F, partly eov- 
loto (Fig. 14), AuA another atrophy in the 
, had ftnt eompk-U' motor aphajiia; nfti^r 
oae year she began to use the recurrent utterance ' visiting to 
himself withoot any other spontaneous speech, but perfect 
ability to repeat sentences even in, to her, unknown languages, 
and ability to nanie objects; inability to write. Hence: after 
a transitory complete motor aphasia, a typical MrnMscurtical 
motor aphasia, ' or loss of initiative of utterance ; with recurrent 
utterance and ability to repeat senteuees nnd name objects — 
remaining practically without change the Ia«t three years of 
her life. 

3, The next case (W., Kig. 15. from Dr. Praenkel and Dr, 
Onuf) was one with typical inability to speak, but preservation 
of writing lasting several yearn and with a typical aubcoHicai 
and really 'lenticular' IcKJon, and nndiTmining of the wlmlc 
lower motor anrl Bnica region ; hence, truly a pure motor or 
'subcortical motor aphasia.' 

4. With thiH we must, however, contract a ease of the same 
clinical condition of so-called pure or 'Rubeortical' motor apha- 
sia, also with preservation of wriling and without disorder of 
the interna] langnage, of eleven yeara' duration, pnhliahetl by 
von Monakow snd Lndnmi' (Fig. Iti). with a lesion not unlike 
thai of our first vam who, tu you remember, had however also 
lost her writing — strong evidence of the impropriety of dia- 
Linguiahing these disorders as 'cortical' and 'subcortical' 

■ •phasia. 

' {S.T., Fig. 17, from th>> St. Lawrence Stale 

tpital) had a right motor and aensory hemiplegia wiUi com- 

e motor aphasia, but gradual return of siteech within a few 

lonths, with a lesion of the third frontal aud undermining of 

e central gyri. 

To this I add again the monoplegic {it.. Pig. 8. from Man- 

lattan State Hospital), who did nnt regain her speech except 

mce for the one utterance 'police' in a state of emotion, but 

I cortical lesion of the face and hand area; 

IB. from the St. Lawrence State Hospital), a 



234 



HAHVEY SOCIETY 



patient who had a transitory motor aphasia recovered from I 
about six weeks, witli a slit nf softening within the marrow' ij 
the arm and face area of Ca, and complete integrity of F, i 
of the lenticular block in the narrower sense. 

The next case {F., Fig. 1!), from the Kings Park Stale i 
pital) is most interesting on account of a right-sided l«sioal 
R t\, and the lower R Ca and R h\ in a fe/<-handed pen 
with slight convulsion, inability to utter more than 
sounds, and left hemiparesis; within a week 'she wrote i 
tinctly of her own accord and from dictation, could read i 
repeat words, understood what was said to her, and nu 
objects or tried tn. ' Later her articulation remained somevr|| 
indistinct and she had Rome difltculty in answering queKtioi 
She was originally left-handed but wrote equally well with eitl 
hand — a ease which suggests the partial solidarity of the I 
corresponding areas of tJie two hemispheres, and shows mot 
over (Fig. 20) the possibility of very Huperltcial etoentta 
cortical affections. 

To these cases we should have to add negative evidence, stti 
as one case {M., Fig. 21, from St. Lawrence State HospiU 
of which I would only say that the nawit gives no cvideni^ 
motor aphasia in the face of a t)T)ical lesion of I F, and I i 
further, the well observed in.vf B. (Fig. 22) of von Monakotc^ 
a druggist who had but a few episodes of aphasia lasting 1 
few hours at a time, and complete recovery before death, buF 
an encephalitic destruction of / /",. To this I must add another 
negative case {S., Fig. 23, from the St. Lawrence State Hos- 
pital) with lesion of the lenticular region near the knee of I 
internal capsule, without any record of aphasia. 

The majority of these lesions show that affections of i 
around the articulation-centre of the motor area are apt 1 
cause various affections of expressive language. The chai 
teristic traits are (1) simple abolition of utterance, where otlM 
expressions such as by writing are preserved, or (2) abolition^ 
with involveinent of word planning and writing, or (3) aboli- 
tion of mere initiative (in all three forms the speech rests an 
apt to be recurrent utterances) . The type of disorder in eai 
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rnsc is, however, not as clearly reducible to a simple lotuklizatory 
jirineiplc as Ke^ms to he the eaNO for ibc following types wbioh 
■^n under the term sensory aphasia, I select but three represen- 
Utive eases from the series of eight nlreudy published in ForGl's 
Festschrift (Journal f. Neiirologie ii, I\v<h. r. 

The first case (B., Fig. 24, from the Hudson River State 
IloKpital) with u temporoparietal xofteniug, pr«wnted for over 
two years a typical jargoD-aphasia. with eoraplete inability to 
take in any word in hearing or reading whether for repetition, 
writing or execntion of orders. This complete wortl-deafnesit 
goes witb complete destmction of the left auditory receiving 
centre (as shown in a traosvenw; section. Pig. 25, and in a 
reconstruction of the Sylvian surface of the temporal lobe. 
Kig. 2C>), Mill an f-xtenniim uf tbix liwiou bai-kwani through thi- 
inferior pnriolal lobules. 

The next case {A., Fig. 27. from the Buffalo State Hospital) 
presented the typical trofucortic^ sensor}' aphakia; he under- 
stood words heard and reiul Mufiieiently to repeat and read them 
aloud, but he did nut groap the Henae. and spoke in paraphasia. 
Here the lesion (Fig. 28) left intai^t the auditory cntranw. 
i!one, and with it the apparatus for mechanical verbal reaction, 
but affected the transition and extension into the actual per- 
gonal eo.ordiUBtion, into the domain uf com prehension, — with 
HI1 extensive trmpt»nipariftal leu inn later wwnplieatrd by a 
fninlal lesion, 

The third eaae (if.. Fig. 29, from the Kinga Park State 

Hospital) had practically no difficulty of a sensor}- character, 

but difficulty of spontaneouK elaboration of wordi* in naming 

things and in showing oecasional paraphasia; and this with a 

^uLesion sparing the entnmee Kone of llu- auditory urea, bui 

^Butting into its lateral eonneetions (Figs. :iO and 31>. 

^H These and the other rases made evident the role of the place 

^Of entrance of the auditor}- path into the auditory none, for 

actual word-deaf nest ; while lesions leaving it intact bad mainly 

paraphasia and diffifulty of naming.- -elalioration diMinlen. 

Besides theae caaes we should bear in miml the few caaes 

( Preiid, Liepmann, and Barrelt, in which a purely or esaen- 
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case is, however, not as clearly reducible to a simple localizatory 
principle as spems to be the ease fur the followini; types which 
go under the term xeiisory aphasia. I select but three represen- 
tative cases from the series of eight already published in Porel's 
Fewtschrift (Joiinixl f. Xeurologie ii. Pnyi-h. i. 

The first case (B., Fig. 24. from the Hndson River State 
iliMpital) with a tempon)pBrietul softening, presented for over 
two 3'ears a typical jai^on-aphniiiH, with i-omplete inability to 
take in any word in hearing or reading whether for repetition, 
writing or execution of orders. This complete word-deafnem 
goes with complete destruction of the left auditory receiving 
rentre (as shown in a transverse section. Fig. 25, and in n 
recontttruction of the Sylvian surface of the temporal lobe, 
Kig. 26), and an cxl^nmon of this k-sion backward through 1)i>' 
inferior parietal lobules. 

The next case (A.. Pig. 27, from the Buffalo State Hospital) 
presented the typical (raiiscortical sensor}' aphasia; he under- 
stood words heard and read sufficiently to repeat and read them 
aloud, but he did not grasp the sense, and spoke in paraphasia. 
Here the leition (Fig. 2S) left intiu^tt the auditory entrance- 
zone, and with it the apparatus for mechanical verbal reaction, 
but affected the transition and extension into the actual per- 
Konal co-ordination, into the dtmiaiti of i-oni|trelicit.tion, — with 
an extensive temporoparietal lesion later complicated by a 
frontal lesion. 

The tbiril case (//., Pig. 29, from the Kings Park State 
Hospital) had practically no difficulty of a sensory character, 
but difficulty of spontaneous clalmrution of words in naming 
things and in showing oceasional paraphasia; and this with a 
lesion sparing the cntniiice zone of the unditory area, but 
cutting into its lateral cimneetions (Pigx. HO and 31). 

Thew and the other cases made evident the rAle of the place 
of entrance of the auditor>- path into the auditory zone, for 
actual word -dtaf next; while lesions leaving it intaot had mainly 
paraphasia and difficulty of uamini;. — clnl>onition disorden. 

Ik-stdes these ejises we should bear in mind the few casnt 
of Preud, Liepmann, and Barrett, in which a purely or essen* 
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IMP is, however, not as iJearly reducible to a simple localizatory 
principlf as seems to he the cuw fur the following types which 
iio under the term xcmory aphasia. \ selwt but three represen- 
tative cases from the series of eight already published in Ford 'k 
Ki-stiu'hrift (Journal t. Neiirologie u. pKyrh. i. 

The first pase {B., Fig. 24, from the Hudson River State 
Ibjmpital) with a temporoparietal softening, presented for over 
two yeant a typical jargon -aphakia, with complete inability to 
take in any word in hearing or reading whether for repetition, 
writing or execution of orders. This complete word-deafn««s 
goes witJi complete destruction of the left auditory receiving 
centre (as shown io a transverse section. Fig. 25, and in a 
reconstruction of the Sylviwi surface of the temporal lobe. 
Fig, 26 1, and an cxtenHion of this lestion Iwckuard lhn>iigh the 
iiiferiiir pnrii-tHl liilinlen. 

The next case (.A., Fig. 27, from the Buffalo State Hospital) 
presented the typical (raiMcortical sensory aphasia; fac under- 
stood words heard and rfod sufficiently to repeat and read them 
aloud, but he did not grasp the nense, and spoke in paraphasia. 
Here the lesion (Fig. 28) left intact the auditory entrance- 
7.one, and with it the apparatiui for mechanical verbal reaction, 
bat affected the transition and extension into the actual per- 
Honat co-ordination, into the domain of i-ompri'hen.-tion.—with 
an extensive tcmponiparietal lesiiin later comphcated by a 
tnl lesion. 

The third ca*e (ff.. Fig, 29, from the Kings Park SWte 
noflpital) had practically no lUfficulty of a sensory character, 
but difficulty of spontiuieous elaboration of words in naming 
things and in showing occasional paraphasia; and this with a 
lesion sparing the entrance xonc of Itic iiuditury area, but 
butting into ilH lateral conniH'tious (Figx. liO and HI). 
■ These and the other cases made evident the rSle of the place 
of entrance of the auditory path into the auditory zone, for 
actual word-deaf nexs ; while lesions leaving it intact had mainly 
paraphasia and difHculty of naming:. -•-InlMirntion dixortlerM. 

Besides thew caxc!* we shoald bear in mind the few eases 

Frend, Liepmann, and Barrett, in which a purely or cRien. 
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tially subcortical focal deHtniction of the auditor^' and 
path abolished the word^uiiderslaitding witliout Mn>* laalia| 
paraphasia or other elaboratiou disorders. Fiirtlier I fihoiBld 
recall the cases of Pick and iilhfrB in which dilTuxe ItxionB 
both temporal lobes led to mom disfirtler nf iiiitlei 
words than was warranted by the deafnesn. 

These cases show clearly a much greater role of the 
receiving-station proper than is assumed id Charcot's 
aud many others, which etOI ffir a special wurd-hearioK 
There is a miieh greater regularity in the lisionx 
aphasias, and in the corresponding affection of sp«>ech 
internal language in the form of paniphama and difficulty of 
word-finding; an<l the greater frequency with which 
cases reach our hospitals for the insune sliowa haw 
more closely these disorders encroach on the niori' co 
integrations or functions of the peraonalily. 

A further case {£.. Pig. 32, from the Buffalo State 
pilal) deserves mention for our purpose, that of a woman 
presented the very opposite of the transcortical apl 
namely, relatively normal spontaneous speech, but total inabi 
to repeat any word on request and refusal to write, with a 
in the retrocentral operculum. 

To complete the material for a really comprehensive 
of the whole problem, I should have to refer to certain fui 
cflses reported in the literature, such as those of pure agn] 
(Gordonier of Troy, a tuinor, Pig. 33, encroacliing upon the 
arm-centre from the frontal region), Dejerine's musician who 
first had simple alexia from occlusion of the posterior cerel 
artery {calearine region -f splenium), and later alexia 
agraphia from additional an^dar lesions (Fig. 34) ; and 
should further mention some cases in which the readinif 
writing were prr^ir-rrrl iiidepi iiiIphIIii of word -( leu fn ess with 
special marks nf parapha.sia and elaboration disorder 
destroyed independently, and certain negative cases, — ^bal 
must hasten on to the discussion of the brain functionii 
which we shall have to interpret these facts. 

I must here return to the interesting transition from 
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HibdivUioD of the cortox accurdint: to cxiieriinfiital Incxliza- 
tions to that of a real anatomical analyi^iit. A woudftrfiil 
amriiuil of work lies bt>twi>eo thif t-liUHicul inHp of rinft-liki? 
(■^ntr«« by Feirier (Fig. iW) and thi" iiiycliigenotif maps of 
Flfchsig and those who determiued the siibdi visions in the 
luliilt bniinii 1 fiir. 36>, with a n-nmrkai'lf )iannoiiy in the 
results obtained by the differenl inelhodH. 

What is actually brought out in thi-w plaiiii or maps tlirows 
a clear lijjht on the problem we have on hand. In the first plaeo 
Ihpre is one zone in which fonctional excitability and stnictarv 
eoineide: the siant-cell area coD<«niing which the experiments 
of Sherrington and V'opt on monkeys anil the results of Ciisbiog 
and otheni in man. are in snbstontial harmony. There are 
dedntte foci of excitability and vulnerability, definitely limited 
to the region of origin of the pyramidal Irart. while the frontal 
none for head and t^ye movementit has not been reduced yet to 
a special cortex-type. In the lower motor un-a Vogt (Fig. 37) 
finds a repreaentation of face, tongue, palate, jaw. larytis, and 
finally rhythmic movi*ments of tJie mouth. Anything like 
speech- mo vemeats has never been produced in man, but Oppeu- 
hcim could stop the si>«'ch in om? of his cases by compresxion of 
the third frontal wth the finger. Now, before we ijiall con- 
sider the aphasia material we certainly want to make sure of 
I what localiTation meana in the best studied motor centres. 
I We must admit that even here the common selfmatiaf action 
|tf physicians is not altogether warr«nti-d. Over the exclusive 
lUth iu the pyramidal tract aome imjiortant facta seem to have 
escaped. In the first place miction of the pyramidal tract in the 
medulla in monkeya Icavva the animal without paralyaia. Hence 
the pyramids are but one component of the possible higher 
motor controls. In maji, Honfley and others have escim^d the 
excitable cortex of the arm region with the result of only a 
transitory palsy, so that Horsley considers voluntary move- 
ment possible through the connection of mechnnisros onlaide of 
the pyramid and the motor cortex proper. Maxwell found that 
injection of salta into the cortex produced but slow and limited 
molta, while an injection into tlie immediately subjseent while 
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subdivuioii of the uurtox aocordin^ to cxperiineiitsl l(ic«li2«- 
tions to that of a real anatomical analyKJH. A wouderful 
amount of work lint Ix^twreti the claioik'ul map of ring-likr 
oentres hy Ferricr (Fig. :t5i and tlic iiijflngenoiii' maps of 
Kk-chsig and those who det^^rmiopd the Huhthvisions in tbo 
ailiilt braiuH i Fi((. :!6), with a irniiirkHhlc hamumy in the 
n-HuItii obtained by the different methods. 

What is actually broufiht out in Ihi^iw plans or maps IhrowH 
B clew li|{bt on the problem we have on Itaiid. In tiie first plac<* 
lh«re is one zone in which functional excitability and structure 
coincide: the giant-cvll area concerning which the cx|>criments 
of Sherringlon and Vnirt on monkeys nnil the results of L'UHhing 
und ulhcrs in man. art^ in substantial harmony. There are 
definite foci of excitability and vulnerability, definitely limited 
to the n-'gion uF origin of the pj'ramidal trai?l, while Ibc frontal 
«onc for head and eye movements has not been reduced yet to 
a special cortex-type. In the lower motor area Vogl (Pig. 37) 
finds a repreaentation of face, tongue, palate, jaw, larynx, and 
finally rhythmic movements of the mouth. Anything like 
Hpeech-movementa has never been produced in man. but Oppen- 
hcini (iiuld stop the siH-ech in one of his caws by compresiiion of 
the thinl frontal with the (iuger. Now, before we ahsll con- 
sider the aphasia material we certainly want to make sure of 
what loealiiutiou meaini in the best studitM) motor centres. 

We must admit that even here the common self-aatisfaetiou 
of physicians is not altogether warranted. Over the exclusive 
faith in the pyramidal tract some important facta seem to have 
cKcap«d. In the first place section i>t the pyramidal tract in the 
medulla in monkeys leaves the animal without paral>i4iH. Hence 
the pyramids are but one component of the possible higher 
motor controls. In man, Horsley and others have excised the 
excitable cortex of the arm region with the result of only a 
transitory palsy, so that Howley considers voluntary move- 
ment possible through the connection of mechanisms outside of 
the pyramid and the motor cortex proper. Maxwell found that 
injection of salta into the cortex produced but slow and limited 
malts, while an injection into tb« immediately subjacent white 
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matter acted very suddenly, probably in part because it affeo 
a much more extensive range of connecting fibres and nipch. 
isms. Sherrington found that restitution dwtt not take pi: 
through training of neiphboriiie cortex, that the t'slirpation 
the yorreapiinding area of the opposite side does not atioliKb 
the regained function in the first affected limb. The only «mi- 
elusion is that evidently the mechanisms of voluntary- cerel 
control are organized more broadly than our simple sofai 
assume. The rubrospinal tract, a path from the midbi 
is pointed to as the carrier of the returning extrapj-rami 
function. But how it is reached and governed ia not clear. 
Xobody but the investigator in brain anatomy realizes the gapa 
uf knowledge in this field so glibly disposed of by the avi 
leacher. In the sections (Pig. 38) of the tirst ease of compi 
motor aphasia we find that not even the knee of the ini 
fupsule so readily claimed as the facial and articulatoiy 
of the pyramid can be accepl^ed as such any longer, that 
articulation paths lie behind the knee and that our data cool 
seriously with von Monakow's. But what uow. after 
admissions of unwarranted assurance on the part of the 
sical teachings^ Shall we overthrow our anatomical or 
functional conceptions? It is very probable that we stand 
rather delicate ground on either side, Yet in the face of it all, 
the anatomical findings of the cortex-map call for speeiaUy 
renewed efforts of study. The excitable motor area (Pig. 38) 
borders on a strip of intermediate cortex beyond which the thf 
frontal shows a remarkable spur extending not merely 
Broea's area, but with even greater emphasis of medullation W 
the posterior margin of the orbital cortex. It so happens that 
the vascular lesions are coarse, like the effect of the bull in the 
china shop ; it hardly ever destroys special cortex fields by 
themselves; our elaborate and expensive studies of serial sec- 
tions famish but slowly, fragment by fragment and often only 
by exclusion, some sort of a picture of the pertinent 
isms, and in this region we are trying to localize. 

The next best known mechanism is the visual cortex, 
calcarine cortex proper, exceedingly well marked off; the 
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Btrikto eone less so, the lateral field of the occipital lube pajssiuii 
into the so-cnlled piMtterinr nssiu-iatinii fiel<] of Flwhsif;, which 
also h&B a few as yet unexplored islaudii of specialized 
appearance. 

The typical integrative function of the hemisphere for 
vision (Fig. 40) is evidently half-viHion. and its negative, 
hemianopsia. The (structures with which we can reckon to-day 
are the striate cortex, probably the exclusive end-station of 
the genicnio-calcnriae tract or o[itic radiation; the relation 
between cortex and the occipital efferent path is probably 
broader, but the functional rote of this large efferent path is a 
xecret. The association paths studied on a most intereatiofr 
case, of limited bullet wound (Fig. «) fn.in the WLllard SUte 
Hospital, were limited (Fig. 42) to » connection with thf motor 
zone, and aoroe fibrwi towards the auditory zone and others 
(hruugh the callosum. while in the deep or sa^ttal marrows 
thf rsttrnitl filiri'M ili'trctiiTntfd i>I«inly tmi-kHHrii, Hud Ihi- 
internal Hbres forward. The functional intepraliona or losses 
of integration of this region point to a qiiadrantic representa- 
tion, so that the upper iip of the calcarine cortex and the wore 
dorsal radiations go with hemianopsia in the opposite lower 
quadrants of the vixuiil field ; and excitalimi of the upper lip 
with movements downwunl; if WilbrtuiilV third observation 
can be accepted. « horizontal strip of half-bliDdness may cor- 
respond to lesion of the valley of the cortex (Fig. 43). An 
efferent motor path attributed to the ani.'ulHr g>TiM is not 
demonstrateil The visual int^rutions are thus singled out by; 

1. IIcmianopsiH I in quadrHnls or complete, cither only for 
colors or usually for forms and light as wclH. usually from 
lesion of the posterior cerebellar artery (Fig. 44). 

2. Mind-blindness (difficulty of interpretation with suffi- 
cient rision — separation of the visual sphere from llie poaterior 
association field, Fig. 45). 

3. Simple alexia ( mind-blindneMs limited to words or 
letters), superseded by 

4. Alexia with agraphia — a nionj intense disorder inter- 
ring with the planning of letter forms (Fig. 34). 
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5. Isolated disability to recognize distances and deptlt 
Theae varieties are more eftsily explained by lesions of l!" 
optic radiation and the striate cortex aiid by the lesion of tr 
connections with or amoug the other leadiuf; parts of the hrt-.i 
spheres than by the Dssumption of special centres for each ty]~ 
With the auditory field (Fig. 46) we seem to appron ' 
ground much more deflnitely related to Uie speoch-funcljuf 
evidently with some differentiation of the parts, Mott's nx 
(Pig. 47) shows that the bilateral destrut-tion of the trsusrenf 
temporal gyri entails complete deafness, and to this we havr 
to add the striking regularity with which circumscribed lesMo 
of the auditory sphere in the leading hemisphere goes parallel 
with detinite disorders of the speech integrations, a findtnft 
corroborated independently by Qucnsel. Spillcr published s 
negative case, destruction of the whole area without way apiui- 
sia; but in a case in which also tabes was found only pott 
mortem. The general uniformity is surprising in view of t 
fact that in the dog. tone-differentiation can he obtained < 
after ablation of both temporal lobes as sliinvn by Uw no4 
worthy training experiments of Ealischer. Functionally i 
have the following steps of integration and disintegration a 
the material at hand : 

1. Complete deafness from bilat«ral lesion of T tr. (Ha 
acnsia from unilateral lesion f Cerebral loss of special t 
or inlands of tln' scale- iinlikfly.) 

2. Lf)8s of wonl-identiHcaliiiii. without further disturb) 
(subcortical and partial bilateral lesions). 

3. Preservation of mechanical repetition without iwdi 
standing. 

4. Loss of word-identification and disorders of elsboral 
(paraphasia, anomia, etc.), lesion of T tr. and of conneotioi 

The greatest advance in the general co-ordination of < 
of the tactile and motor integrations iwmes from a brilliaj 
pupil of Wernicke and his discovery of unilateral apraxia. 

Liepmann examined a man committed to an asylam u i 
case of apoplectic dementia. The patient was aphasic and 1 
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f«w words left. He had do hemiplegia, but a slight dis- 
•bonce of seimbUily on the right side, as was later seen, 
•.ially for poeitioo and motion. This patient ae«med to be 
completely demented, and since he merely fumbled very queerly 
wht^n asked to do things, he was under suspicion, at first, of 
being word-deaf, and even mind-blind. Liepmann then observed 
that the patient carried out any request for which the body aa 
a whole was requin-d; he would go to the door as told, sit 
down, e^t up, etc. ; he further saw that the confusion invariably 
started with a strange fumbling of the right arm, and by it the 
whole course of aetion would be side-tracked. Liepmann found 
that when he hild the patient's right arm and forced the Ifft 
arm into initiative, the dementia disappeared: the right cards 
were picked out, even writing was possible, and the whole case 
was plainly one of pseudo-dementia and really a 'ooe-sided 
apraxia.' Instead of being looked upon aa merely an ordinary 
demented individual, the patient waa recognized as having 
mainly a partial disorder. 

On examination of serial sections, the motor area and the 
pyramidal tracts were found iutact. There waa a subcortical 
softening underneath F, and f , and a cv-st under the supra- 
marginal and the inferior parietal gyri, and moreover degenera- 
tion of the corpus eallosum with the exception of the splenium, 
and a shrinkage of the right angular gyrus. What simulated 
that which in neuropsychological alang is called a loss of memo- 
ries of moTcmeuts, proved to be the partial lack of support by 
the sensory part of the brain, and the inability to use tfae 
experience of the other side. A detp disorder of tactile re- 
sponses, a complilr hemianivsthesia, usually shows rather differ- 
ent results from what this patient showed. One of my caa 
ith hemiann^K(hc«i» and atrophy of the parietal region c 
ive his left band with some ease and force as long as he l<K 
•Jkt it ; but thp movements were ataxic and when he shut bis « 
or kept his handi out of sight, and I asked him to close his 
hands rhytlimically. he ceased doing it with the left and still 
thought he was keeping it up {mind ;w/,vp/). He was wholly 
ihl0 to recognize objects within the hand which had the 
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receptor difficulty. In Liepmaun's ease there was no aUzu. 
and the hemiaiiiEsthesia was not profound, nor was the astin- 
ognosis complete. Liepmaiin, therefore, eoQcloded that St lent 
part of the apraxia, of the faulty motor responses, wag daeM 
improper use of the motor cortex owing to isolation and not 
owing to destruction of any special part of its intrinsic motor 
mechanism ; and he laid the emphasis to quite an extent on Uw 
lesion beneath the supramarginal gyrus. 

Further studies led Liepmann ta the observation that is 
some cases of right hemiplegia the left side had lost the capaeit; 
to indicate from memorj- very ordinary signs and movements 
(the patient would be unable to indicate with his non -paralyzed 
left arm the motions of Ix-ckoning, threatening, throwing a 
kiss, making a fist, saluting, ringing a bell, counting out coins, 
catching a fly, grinding an organ, playing the fiddlf, snapping 
the finger, or the use of a comb or brush, or lighting a candle 
or putting on a stamp), while actual handling of olijecta, 
actual use of a match, etc., was less frequently affected, 
few of the cases examiaed anatomically so far corroborate 
hypothesis that this loss is not merely one of intelligence in 
the broad sense of n on -local izable general capacity, but dne to 
the interruption of the callosal path and the elimination of the 
help of the leading hemisphere, a point which can indeed be 
used for the localization of lesions (Fig. 48, from Wilson). 

These studies have given a remarkable impetus to the whole 
problem of synthesis of cerebral activity and to anatomoclinii 
correlation. 

TTartmann, who participated in the studies of Anton on 
frontal lobes, communicated two cases of lesion of the frontal 
Inbc and one of the corpus eallosum, which led him to the con- 
clusion that the impetus to serial movements roused from the 
various sensory spheres of the cerebrum requires the co-opera- 
tion of the frontal lobe for the imparting of their impolsea 
to the motor zone. The elimination of the left frontal lobe 
leads to motor mind palsy or loss of initiative of the oppontfl. 
extr«mity. The right frontal lobe requires the co-operation and] 
guidance of the left or leading frontal lobe beside the conni 
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APHASIA AND APKAXIA i*S 

lion with its own senaorj- spheres to have its serial movemenU 
properly guided. Thus wr sre ugain that scpu-ation of the left 
frontal lobe from the right nbolixheH tkoxf serial raovementa 
of the left side which depend un memory. We have hero 
another but more definite formulation of the data of liiepmaon, 
and a proepecl to bring harmony into the impresiiions concern- 
ing the production of agraphia and aphaxia through lesions 
;ipproaching the motor zone from the frontal lobe, as was the 
laae in Gordonirr's case of isolated agraphia. 

We seem to have gone far away from the couHideratioD of 
I he cortical areas of the frontal lobe furnished by the brain- 
ninps. From what was said before, it is evident that a most 
iniinstaking inquiry into the details of anatomical relations 
trnist nevertheless pave the way befor*^ it pays to speculate 
itixiut the mode of insertion of the cerebral motor apparatus 
upon the sulwortieal and segmental mccbaniams or lower nuclei. 
Hut we certainly have gained some broad linea of hemisphere 
^—function worth summing up. 
^H We can distinguish now : 

^H InUltectual disordrrs pure and simplf, not specially charged 
^%B any of the senses. 

Focalized intellectual disorders appear either on the recep- 
tive or the emianve or in the co-ordinattvc or elaborative fnnc- 
tion. The comnion link is covered by the term agnosia, which 
covers knowledge of things sensed and remembered, as well as 
knowledge of how to do things. 

Agnosia (see diagram) has its more essentially receptive 
nspect in general or ideatory asymbolia or disorientation, and 
its more ewcntially emissive aspect in general or ideat»r>- 
'jpraxia. 

Asymbolia, complicated by essential anii»thesia of general 

1- specisl senses, or independent, can be partial; the disorder 

mitt primary identification ma.v be kinssthetie, as aslcreiognosis, 

nl, a:t mind-blindness, or auditory, ss mind-deafness, or 

folve the taste and smell sphere. The agnosia may show 

daily in the cfTecta on the wording (nad then probably 

R all the nensea), so that probably there is no such thing 
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as isolated 'optic aphasia'; or agnosia affecu mow the dii* ' 
motor reactiocs. 

t may miss ttie proper kind of plan of actioo, a> '~ 
ideatory apraxia; or the plan may be correct, bat ooe wIk^ 
side or only one limb or motor unit like the arm or the tOHgw 
is out of commission for the act, altJiough not paralyzed as rodi . 
this covers the limb-lcitietk apraxia in the frontal lesions ; uA 
as dyspraxia, I should group the losses from scviTing the corpii' 
callosum. Beneath this we may further find tbi> fKWiibility ' 
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interference with mere submental co-ordination as 
ataxia dependent on anieethesia, and corresponding rednoti 
of the sensory support of the motor apparatus of the 1 
sphere leading to mind palsy. 

As a counter part of the other tables of integratiom i 
can therefore give the following summary for the tactile noj 
motor sphere : 

Tactile and mnscular sense : 
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1. Hcmianawthesis with possibility of some <.?ircum8cribed 
foci (more or leas of the axial tj-pe in the limbs) and possibly 
a gplitting olT of the muscular senae by itself. 

2. ABtereoffDosis alone (t.'laboration disorder). 

3. Astereognosis with brmianaestbeaia. (Note the special 
loea of tbe muscular sense compoaent.} 

4. Heraiamesthesia with atAxia. hemianwstbeaia of tactile 
sense comi>oaent (tactile aphasia and dysehiria hj'aterical). 

Then th« motor integrations — uiotitity : 

1. Complete hemiplegia (or possibly monople^a in lesions 
abuTH and in the inu>mal capBulo) : (o) eitlier Wernicke's type 
by joints {purely cortical), or (it) th« nonnal arm-tlexion and 
leg-extension type, or fiaccid, or with contractures. 

Complete flnccidity and occasional ntniphy depend on the 
thalamus involvement; athetosis and tremor as complicationii 
or alone belong espceially to tbe rubral complex ; while lesions 
iif the p^THmid in the medulla and dn'u.-tsnt ioit giw nu symp- 
toms, at least in the monkey; lesions of the lateral columns of 
the cord again spastic hemiplegia: and uniform diffuse weak- 
ness of trunk and extremity is said to go with one-aided lesion 
of the pyramid in the pons. 

2. Mfre ataxin or inco-ordi nation of tmlancc of movement 
through lack of sensory support (cerebral ataxia;. 

3. Lack of control of execution as in aimplo mind-palsy. 

4. Motor apraxia (through relative isolation) in which the 
patient has tlie sensory and intelWtual support needed for a 
movement, and the movements perfectly well planned, hut 
inability to perform such movementB as making a fist, showing 
the tongne, or speaking a word (which the patient can plan and 
perhaps can write), or at leant a wholly senseless miscarriage 
or Hubstitution, such as raising an ink-well instead of dmwing 
the tongue. 

5. In ideatorj' apraxia. erode morinnent is prcser^-ed and 
also the sensory support: but tbe iutellivtnal support i% lacking 
in the form of lack of attention or of planning as shown in 
the failure of the use of a candle, a pistol, a shoe. etc. (Ptifck. 
B«a., ii. 279.) 
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Apliasia in such a scheme hecomP!! a pttrt of thf 
asymbolia and aprHxin prohlpm. 

A certain type of aRsociativc resctions involve lingttiitic 
signs. According to our survey we distingtiialx liogontie 
elaboration or co-ordination, that which liaa been called inter- 
nal language, or which covers Marie's linguistic intelligeacv. 

In contrast to Marie's views I am, however, intliDed to 
recognize the close relation of the wurd-dpnfntsis to leaiou >if 
the auditory entrance zone and the relative independence of tta 
word -blindness complex and ils connection with the vixiial 
apparatus, without, however, being able to determine a cortiesl 
area or any delinition of the connections, except the genersl 
rule that the more we encroach on the block under the so-called 
])osterior association field, the more apt do we become to di 
even the mechanism of writing and to get complications of 
paraphasia-paralexia type. Kvidently few cases work 
both hemispheres, to judge from the rarity of recovery 
substitution. 

On the motor aide we evidently meet with more ambii 
troiis organizations, and an understanding of the mechanism 
anatomical terms is as yet difficult. There is a broader xone 
vulnerability, though not quite as large as the nuadrtlati 
Marie, and it seems to take a large area practically involving' 
the motor operculum to abolish speech permanently. Th' 
Broca area is an empirical unit not to be ruled out completely 
The duration and recoverability in motor aphasia depends on 
the size of the lesion and possibly the extent of ambidexterity. 
The broader interruption in the eases of Liepmann and Hi 
maun su^^st the possibility of a definition of the frontal Ic 
functions as the co-ordinator of serial movement. 

To put the present position briefly : 

The available facts suggest a plan also chosen by Ri( 
in his very original studies on hemisphere-function, viz., 
uf following the impressions of the various senses to 
responses along the line of speech and symbolic thought (i 
sprachlich-begrifBiche Apparat) on the one hand, and along 
line of direct activity (raumlich-Bachlicher Apparat) oo 
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IFithin each field we may have our special and isoUt«d 
I opea to inU-rprotation by localization or along the 
! the diBordere of aerial movemeat, the analysis and 
s of reactions, as Rieger depicts the disorders, and the 
e disorders of control. 

The great rink of didactic schemes is excessive condensation 
lud excesitive de^imi for one-word designations for really com- 
Ipoimd disorders. Size up and detail the mechanisms which 
■enter into the picture, call the spade a spade, the functional 
I disorder a functional disorder, and the lesion a lesion, but do 
I not try and mix it all into one confusing word. The only real 
' and lasting solution comes from the utilization of adequately 
defined anatomical and functional mechanisms { which ctui more 
safely replace the rough schemes of Ferrier and the early 
localizers). We cannot afford to brush aside really eommand- 
tng facts, and replace ifaem by vague unitH such as the lenticular 
zone and an arbitrarily extended Wernicke zone, without slight- 
ing the natural lines of analysis and synthesis. Af arie 's strong 
Appeal is a recall to general perspectives of great value, viz.. 
(I) the close relation of the intellectual and linguistic differ- 
mtiations; (2) their great dependence upon the pceterior field; 
(3) the great variability of the lesions and results in connec- 
tion with the motor utterances; but the simple data of large 
ODOugh chains of consecutive observatioDs bring out the true 
gpoints of his claim <|nile naturnlly, withtiut any need for arbi- 
*" 7 negations. 

VoQ Monakow has introduced the t<>nn diaschisis to account 
tor the fact of transitory jnlerfcrences with function and r«)i^ 
Bve localization. He wishes to distintruish clearly the mere 
VaKinilnr Khock and pnwRure and distam-c ciTfria and the func- 
tional disordera actually attributable to the efTeot of cutting 
fibres which would enter into the other mechnnisms which thus 
become deprived of certain functional influences without being 
Urectly injured as such. He assumes tliat where we deal with 
uisitory symptoms it i* due to indirect and remote dynamic 
iffecta and that the effects from actual destmction alone would 
live tha penoanent symptoms, T cannot befriend m>'SGlf with 
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the tenn; all lesiou is diaschisia aud the recoverability or 
maneDce depends on the question whether balance of fi 
can be maintained with what is left or not. A diaschisia 
ing to von nionakow would then cover all the loK^es of functia' 
or balance which need not be permanent. Von MonalMl 
assigna all apractic asymbolic and aphasic disorders to 
diaschisia. After all we must admit that if you destroy 
you will finally get pennanent loss even with mecbanioM 
which are very diffuse and not strictly localized. Bickel'i 
experiments on the reappearance of cerebellar defect 8>-TQpti}tDi 
through new lesion of the cerebral motor area and many oxhet 
data of motor regulation show a certain amonnt of sarpiu 
provision and factors of safety in our organization and man; 
transitory disorders are merely a disturbance of adjastmeoB 
possibly in an otherwise weakened part. Diaschisia ia theifl 
fore the thing to be explained and not an explanation ; it is J 
matter to be sized up in every case and a query as to wfaidfl 
part is thus wfnkened, if it is to be more than an emphasis di 
the obvious for those of ns who have a broader view of localtSH 
tion. If we cut one leg off a tripod it falls, and yet you would 
not Bay that the tripod stood on that leg alone. If there ui 
more than three legs the loss of one is less serious and as im 
see at times in dogs almost negligible. That many ti iiiiiiiliiM 
disorders are such disorders of balance is a much safer assunH 
tion tluin that of a peculiar agejicy acting at a distance, as whM 
vun ]\Ionnkow tries to explain the 11 years of pure motfl 
aphasia in his case as a corticobutbar diaachisis. ■ 

When the physician meets a case of speech-disorder, H 
does well to pin his attention first on the existing motor aiM 
sensory disorders, and secondarily upon the cupaeity for «/aifl 
rations from the various points of bearing, vision, tactilitXa 
etc., (1) into the various types of direct action and (2) uiM 
tpeech- or thought-functions, with attention to the poanbUJ 
independence of the hemispheres and of the individual mechaiH 
isms. The siun of free or blocked connections ultimately Jodn 
eates best the probable extent of lesions. The next considerH 
tions are the nature and extent or number of lesions. ExteJ 
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five autApsy experience tenipL-re use's diagnoatic asaurance. A 
■j'niptom or complex may be due to a simple or unitary leaioD, 
sovcra] foci, or a focal nccentuation of a diSuse process, 
auch as sejiile or paralytit: atmphy, or merely the result of 
ooe of those as yet iosufficiently explained causes of hemiplegia 
in unemia or other astlienie etatca (hemiplegia withoat lesion). 
Tht'ir distinction is an issue of successive developments rather 
than of final combination uf symptoms. 

Before concluding I inuAt turn briefly to a group of experi- 
ences more or less unanalyzed, but suggesting distinctly an 
attempt to explain the condition by some focal process. I 
remember B patient who suddenly developed a pseudo-Kor- 
sakow state, really a systematic disorientation lasting till death 
within several months — no autopsy. Another wmewhat pecu- 
liar Korsakow syndrome was ultimately found to be dependent 
on traumatic lesions of the frontal and lemi>oral baw (State 
Hospital Bulletin, vol. i, 140, 1908) ; further 1 recall 
certain peculiar conditions in which a patient would speak 
of fictitious matters and then i-omplaiufd thht shr win* a 
humbug, who said things she did not want to utier and 
that were not so; a form of paralogia rather than paraphasia 
(Kr. and Mi.), twice observed by me in connection with brain- 
ttmior compressing the anterior part of the Sylvian fissure: 
farther the pccidiar states of focal hailucinationt connected 
with hemianopsia, and 6nally the occasional conditions of vitia- 
tion of chararti-r arid of a peculiar jocose attitude in tumor of 
the frontal lobe, or aa Taylor in Boston observed it. a condition 
of pttj'ch&sthenia; or we meet states simulnling hysteria in 
brain-tumor — these are grounds which sometimes present gn>a( 
difficulty even if we have fairly definite principles with which 
to work out the le-sa complex problenut. 

In all these doubtful states the only safe road is to analyzt* 

the motor and Hensory tiymptoma, and the symptuma of 

in direct connection with them with attention to the 

levels or units, viz., (1) word identification, won}- 

wonl-elaboration, parapbaaia, and special attentioD 

nusio, for the auditory zone and the lower parts of 
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lateral parieto-riecipital regiim; (2) the readiug nr tva.i': 
and writing disorders for the posterior and upper area^ of tr 
parieto-occipital zone, supplemented by the Beurch fur iJ'-l -' 
in the lower, visual quadrant, and evidences of diftori.-ni:i: 
or (3) the sensory area with' the conditions of aster- i-r- 
In the domain of motor speech and writing, the appeini! 
the speech s^'mptoms before any motor or sensory syriij;!::. 
speaks strongly in favor of a disorder in front of the nwtc 
area ; otherwise it may be mere guessing to decide in what dine- 
tion from the actual tongHe-larjnx region the focua may be, 

I must pass the problem of distribution of the tnechuusM 
according to blood-vessels. While this offers exceUent land- 
marks the problem will alwaj's be complicated by some iniH- 
vidual variations, the possibility of multiple lesions, or of 
diffuse alteration beside the focal one, and the occasional exist- 
ence of slowly progressing affections with siuldtn apoplr-ctifonn 
manifestations. 

The slowness of progress in this complex problem ia to « 
large measure dne to the uncertainties as to wht*ther aatopmm 
can be obtained and as to whether the great amount of wor; 
required in the repeated examinations will be allowed to reeeii > 
its final control. The other reason is the great aiiiuiint of work 
and expense implied in the examination of the brains. Id 
these respects physicians should I'cilluhurate not only in the 
hospitals (where the cnses are often greatly eonipiicBttvd 
mental disorders, but are studied with growing efficiency and 
admirable determination, so as to put the scientitlc and medical 
H'urld under growing obligations), but especially also in g<?n«ral 
hospitals, in traumatie states or embolisms, not complii 
by additional deterioration of the brain. Another very 
tiieudable way to help is encouraging fellowahipa of 
Perhaps when the North I'ole and the South Pule .shall at la^rt 
be properly discovered, man will bestow more attention upon 
the most wonderful creation of natnre. the orgtui of plasticit 
of behavior. 
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URIC ACID IN GOUT* 



PROP. A. MAGNUSLEVY 

University of B«rliD, Genoany 



INTHODUCnON 

TP to the present time tbe only chemical problem considered 
in goat has been that of uric acid. As yet no other 
ehemicHl stand-point has been found. Are we on the right 
track ID doing thisT Is the ttric acid really the principal toxic 
agent in gout, or only oue of BeviTnl T From tinii- to time, espe- 
cially when therp appeared to be no progress in the investigation 
of the subject, protests arose that research was on the wrong 
path. 

Tbe relations between uric add and the occurrences in goui 
became evident in the acute periods. The attacks are ccrtaioly 
connected in some way (yet to be determined) with the accu- 
mulation of this substance in the body, and during the attacks 
the output of uric acid is greatly altered, fixiieriments made 
with uric acid iujectioos prove tbcir losic character ; the inSam- 
matioQ and the paiiis provoked by (hem resemble in many 
respects those occurring in attacks of gout. 

Thongh conceding this. Von Noordcn a nimiber of yean 
ago, following Ebettcin's theory of the fomtation of uric acid 
in the bones, expressed the opinion that the deposits of uric 
eid were quite independent of the general metaholiaiu of nrii- 
Although local inRuenccw play an important part in 
it, thi« view of Von Noorden is enwily to be refuted. The 
krooeope shows clearly that the crystals are first found near 
t free i»urf««; of the cartilag*' and that they advance slowly 
wards the deeper layers. Thus they must pass from the 
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cavity of the joiuts into the cartilage. Secondly, when » 
on the finger reaches the size o£ a chestnut and even largcrTJ 
is impossible to imagitie that the enormous masses of 
urate stored up here could be formed ia loco, even in the 
of many years. The metabolism of connective tissue is nuBt 
too torpid, and nuclear material, known to be the Bole sour- 
of uric acid, ia contained only in small amounts in the entiat 
and neighboring tissues. Moreover, wherever you find 
of sodium urate in the body, that is, wherever gout is «] 
there occurs at the same time an excess of this substance 
blood. Although this principle is not reversible, it provea 
tain connections between the local and the circulating tttv 
acid. 

PRELIUINABY NOTES 

In reference to uric acid, gentlemen, please reniembex tlm 
in reality we have to deal only with moDOsodinm urate in th* 
fluids within the body. Some authors have pretended the exiat- 
ence of a quadriurate of soditun, or as we would call it now. 
of iiionosodium biurate or hemiurate ; others have insisted that 
in a fluid containing a number of basic molecules like aerum 
the chemical union of an acid with one of the bases could n<ii 
be recognized. Physically considered there exists no mono- 
sodium urate in the serum, no more than does monosodiom 
carbonate. All these salts are dissociated into their ions, and 
we have to deal only with sodium, potassium, calcium ions and 
with uric, chloric, carbonic acid ions, existing side by side. But 
with the same right with which one speaks in tlie cummon lan- 
guage of chemistry of the existence of sodium chloride, of 
monosodium carbonate and monosodium phosphate in the scrum, 
with just as much right you may also spenk of a monosodium 
urate. Ninety per cent, of the kations in the senim I>elotig !- 
the sodium, only 10 per cent, to potassium, calcium, and so oi- 
In a neutral solution which, in a physical sense, the serum is. 
the proportion between kations and anions, or between seids 
and bases, is sueh that we can only speak of monosodium car- 
bonate and of monosodium urate. The eiistenee of bj 





9 ia just aa impossible here as the existence of a bisodium 
mate. It is to Oudient that we owe this clear exposition. 



PUXDAHEKTAt. PRINCIPLES 

As compared with former times we now stand on a tirm 

ndation in regard to our knowledge of the formation of 
ic acid. This substance is derived from the nuclear purine, 
lenin, giianin, hypoxanthin, and xanthin. Their tranafur- 
mation into uric aeid is the work of hydrolytic, or deaamidiziag: 
and oxj'dizing ferments. The ferment which katabolize^ urie 
acid is called the oricolytio ferment. I need not detail these 
proccases, but will refer you to Prof. Mendel's lecture delivered 
on this subject three years ago before this society. 

This bi-ing established, two questions arise: 

First, whether this intt^rmHliati- w«y nf Tnt-ta!K)li»ni is nblijrti- 
iu the ttense that every niolei^ule of the purin ba.ses must 

ich the stage of uric acid, or whether adenin or hypoxanthin. 
and so on, can bo katulKitiwd without firHt being converted into 
uric acid. Thus far the possibility of the latter proposition has 
never been demonstrated in the orgnniani. Chemical consid- 
erations and biological analogies lead us to consider the trans- 
formation of purin bases into uric acid aa the only process 
effective in mammals. 

The second question, whether in mammals there are rtil! 
B of uric iicid, is doubtful, N'n proofs have yet 

•n brought forward of formation of uric aeid from urea and 
from acids with Ihreii-carbon Htomm, a process which is of 
fundamental importance in binls. So we may neglect this kind 
of sj'nthesis. On the other hand it is beyond question that 
jnrins are newly formt'd in Huekling animalR. whose fi>od is 
practically purin-fre*'. It seems improbable that the syntheais 
mBerXt^d here starts from urea ; wo must rather look for a higher 
amino-acid compound, aa a material which can yield purinn. 
It would be ^-ery surprising if this synthesis were performed on 
larger scale than was needed for the growth and for the 

lewal of the tinues. %.e., for the i^nthesis of nueleoprotein. 
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I do nut think that in this process an excessive formatiin' 
puriDs takes place, nor iLat superfluous material for tht U 
mation of tiric acid is left over. We may, witli our pn*= 
knowledge, consider the purins as the only source of urie ki. 
in human metabolism. ' 

We distinguish the exogenous purins Ingeitted with the f«4.' 
from the endogenous derived from the nucleins of the bn|j.' 
By dieting we can make ourselves independent of tlie grat 
variations in the output of uric acid due to the different amoinm 
of ingested purins. By giving a purin-free food, vrhieh vmi 
not be absolutely the same every day, the urine will conUiB 
endogenous urie acid only. The quantity eliminated, altiioii^ 
varying in different men from three to six tenths of a gramiM; 
is fairly constant in the same person under normal conditiooa, 
thus proving the existence of an equilibrium between forma- 
tion and destruction of uric acid. The simplest coDoeptioo 
of this is, not that formation and destruction vary alwasrs id 
the same sense and proportion, but ttiat Ixith formatioo mi 
oxidation are constant. 

The katabolism of uric acid leads to the formalioD of allan- 
toin in dogs and rabbits. In men its fat« ia unknown. In 
I'ontrast with the results in most animals human organs hare 
failed to show a distinct uricolytic power. Hence Wiechowaky 
drew the conclusion that uric acid was tndestnictilile in the 
homan body. He baaed this opinion also on a second fart, 
namely, that uric acid injected into the muscles of men is found 
again almost quantitatively in unne. Schittenhetm, although 
confirming Wiechowskys experiments with human organs, was 
able to show that uric acid undergoes destruction in living men. 
When a person, vfho was in a nearly perfect N equilibriiun. 
waa fed with 10 grammes of nucleic aeid. the output of purin 
substances was only slightly increased, and instead, an incrRaa>> 
of urea (or a substance behaving similarly) was foiuid, and in 
amount corresponding nearly to that of the N of the ingest«d 
purin compounds. It would be of the greatest inti-n'st for ph; 
iological chemistry to determine what are the intermedialp 
end products of the uric acid break-down; but for the kn» 
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! of gont, this in of less importance. It Kiiffices fur the 
lent to know, that this toxic substance disappvars as such. 
I If Wiechowsky 's opinioo were right it would moan a sini- 
ification of experiments and of theory, for one unknown 
npuiient in the complex equation of uratu metaholism, the 
Htruction of urie aeiii, would have Ihwjj elimiuated. Hwapil- 
Iting. one may say that th*? pn-aent foundation for invcKtigii- 
I of the metabolism in goMl is fts follows: We hsvo tu 
lal only with o»r t^ioiirce of uric acid, namely, the porins; and. 
after excluding the exogenous purins. we anticipate finding a 
uniform elimination at certain periods. This we accept as a 
firm basis for comparison, both as regards the metabolism of 
healthy men as also with regard to the variations which oceur 
in different periods of gout. 



> 



THE KACTS IN GOUT 



What are the facts in gout which are established with sur-h 
aectiracy that we can take theni aft a basis for our considera- 
tion! What results are sufficiently probable to be taken into 
serious disGossion T The fncU and the probable troths are an 
follows : 

1. The presence of uric add in the blood. 

2. The presence of cryetalliue depodts. 

3. The increased output of uric acid in the attacks of gout. 
The augmentation can reach from three to five tenths of a 
gramme daily and more, and may sometimes last for a week or 
uven two. 

4. A decline in the output often prccfdea the attack, but this 
diminution is not as marked as the subvoquent increafte. and its 

Hhtration is only one or two dajrs. 

^B 5. In the inleni-als b<:twe>>n the attadca the elimination of 
^Mtdoffi-'nous uric acid is esserled to be lower than in normal 
health. Then* arc doubts whether this statement has been 
proved beyond question. 

6. The elimination of exogenous arie acid is often retarded. 
To elucidate the connectioiut between these data it would 
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be necessary to have a complete knowledge on the qtuntiUIni 
side of the following processes in both health and diaeaae: 

1. Of the formation of uric acid and 

2. Of its destruction. 

3. Of its eiimiuation by the kidneys. 
From a combination of these three 

knowledge 

4. Of tlie acciimuktian of urates in the body, especiaUjr it 
the blood. 

5. Of the eonditiona of the sodium nrat« prMipitAtioo ia 
the tissues, as well as the conditions of its removal. Herein ■ 
included a knowledge of the physical and chemical beharior o( 
sodium urate. 

FORMATION OF LTRIC ACID 

Is the formation of uric acid increased or is it diminidied ia 
gout » In almost every case where we sw an increased outpnt 
of uric acid, for example in leuktemia and pneumonia, we fltud 
an enlarged destruction of nuclear material and vice vcihb. In 
gout, at leiist in the inter^-als, and when ihe patient receives t 
purin-free diet, neither one nor the other is to be remarked. 
The katabolism of nuclear material therefore is certsiaJy 
increased. 

On the other hand, we have just as little reason to 
a diminished formation. Brugsch and Schittenhelm. it 
have recently advanced the theory, that the total nu' 
metabolism in gout is retarded. But even if this were 
must insist that retardation of metabolism is not in every 
identical with diminution. Perhaps in advancfd stages of th^ 
disease, a decrease in the formation of nuclear compounds may 
take place, due to a kind of cachexia or premature a^ng. In 
the esperimenta made hitherto, I miss clearly defined atate- 
ments as to the age and the general state of health. Most of 
the gouty patients treated in hospitals are in an advani 
stage of their illness and evince signs of cachexia, even 
showing a good volume of muscles and of Hiihcutaneoiia 
The healthy people, whose nuclein metabolism hu been 
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tl«d with that of the gouty were generally youager. In 
ler to obtain s more reliable material tor the comparison 
wevu uormal ami gouty metabolism, stricter att^ntioD ought 
be paid to this point regarding age. Bearing thin criticism 
mind tbe following expoeition may be considered. In any 
e it seenut to be c«rtaiM, even though in oppo«ntion tn former 
li opinion, that the occarrences in gout cannot be explained by 
excessive formation of uric acid. In the older days whenever 
an increased output of uric scid waa noticed, the cams were 
mostly those of wealthy people ovtrrfed with meat. Gouty 
patients are generally h(>arty eaten. The high amount of uric 
acid in these people is due to tbe ingested purina, not to the 
diathesis. Analogy with obesity produced by polyphagy is 
striking. The gouty process, though no doubt aggravat^'d by 
an excess of exogenous purins, does nut depend on as increaaed 
uric acid fonutlon. 

DESTRUCTION OF UKIC ACID 

In many experiments the twenty-four hour output of nrie 
acid in the urine of gouty men is diminished. As far as this 
is not due to leascned formation, it proves an increase in the 
absolute quantity of urie acid destroyed. The accumulation 
in tbe body docs not r^ach such an extent as to explain tho 
difference of excretion between healthy and gouty men. This 
difference often reaches 100 mg. in 24 hours. Supposing this 
quantity were rvtaiuMl in the body day by day for one year 
only, the total sum would uroouut to :tG dm. Depoaita of such 
enormous size are extremely rare, at least in Qermany. I doubt 
whether in the majority i>r i-ase* K' Gni. of Nodium urate may be 
extracted from the gouty body. Since tbe lower quantity of 
uric acid in the orinc is not oxplainod by an accumulation, it 
moat be aieribed to ati incn'a.sod destructioD. As Bragaeh and 
Schittcnhelm rightly suggest, this doea not mean absolutely 
that the oxydixing power of unmlytic ferments is greater 
than normally or that their quantity is increased. The reason 
may be, that each molecule of uric acid circulates a longer 
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I output by thr kidney does not keep pace with the influx 
I the blood. But though with every other aubstauce thf 
rel risM only by a small tiniount. with uric arid it m&y rise 
I ten times its normal height. While ncarcely one-half a 
Uigramme is contained in one hundred c.c. of normal blood, 
^eintrnud found ."i mitligrammeK after feeding with an excess 
t sweetbread. 

We may now speak of the second factor, that is. of prevent- 
; the elimination of a tnibstanee by its chemical combination 
lolhcr. Such a theory has beeii offered in order to 
Iplaio the Qon -excretion of sngnr in the healthy organism. 
B[uikow.4ky tried to introduce thia idea into the theory of gout. 
!Ti' HHsumi-d a chemical union of uric acid with a nucleic acicl. 
itiit the search for such a compound in the blood has not been 
•Jii'-ccssful. Gudzent. on applyiuK Michaelis' method of com- 
Ix-iiHation to the dialysis of goiily lilo<iil. was able to show that 
the urates exist only in the free atate. I might also mention 
<!nmid's thread experiment as speaking against any organic 
union. Acetic acid, which sets free all uric acid in the serum 
or at least the grvatcst part, is an extremely weak acid, its 
.strength being some hundretl times less than that of hydro- 
rhloric acid. Under the conditions of the thread experiment 
ii would not snffiee to split any organic union. 

The hypothesis of Minkowsky having been thus refuted. 

Krf}ad»;nt showed another possibility. By phj-sico-chemical 

^Bwthods he pointed out that the sodium urate exists in two 

HwodiRcBtions. which differ only in tbciraolubility. lie ascribt^ 

the existence of ihesi- two forma to a diffenjnce in the chemical 

structure, to a tautomerism. The lactam form, that is, the 

^jsbstance baring the formula which is generally used for tlie 

rueture of uric acid, is the more soluble one, bot it tends to 

! into th» laetim form, whieh is less aoluble. If the differ- 

i> in solubility of the sodium urates is really due to a differ- 

nee in the chemical Mtnicture, and not purely to physical 

■sons, one could imagine that the tautomeric forms would 

e differently in regard to their ctct^tion by the kidneys. 

I this direction have not been performed. 
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URIC ACID IN THE BLOOD, ETC. 

Nomml blood is practically free from uric acid. la t 
it can poutain 5-10 mg. per 100 c.c. after a mixed diet I 
iHkE^ii; after a piirin-free diet the amount is lower, beiocf fm | 
2-4 mg., and iu no case is uric acid absent. Its presence in gnai I 
cannot be explained by an excess in the production of i; 
acid 88 is the case in leukiemia and in pucumoDia. This o 
elusion, though it is contrary to the opinions of a former timt, I 
is beyond doubt. 

It can be attributed chiefly or partly to a passive retenti* | 
in those cases where the kidneys are suffering from whnl luj 
been called kidney gout (Nierengicht), whether Ihii* occur* 
at the beginning of gout or in its later stages. On this point so I 
controversy exists between the different authors. But hiiw » 
the presence of uric acid to be explained in those cases where 
the most accurate research does not reveal any sign of nepbritn* 
The answer is only to be given conditionally. 

If neither the formation of urie acid is increased, nor its 
destruction greatly diminished, — and these two conditioDs ■ 
to be realized in gout, — if moreover the urie acid is not prr- 
vented by a chemical union or by an abnormal atractiire frwr 
passing into the urine, only one conclusion is possible. Thi 
retention is due to a deficient and restricted secretory pow- 
<if the kidneys. 

The existence of such a renal inadeijuacy does not i 
real nephritis. I think it possible that a single function of 1 
organ can become almost entirely insufficient. Later on, i 
damage to the kidney and a nephritis fre(|iit'nlly follow. 

As stated already by Garrod, uric acid is present ah 
lead poisoning. Here, as in gout, it is present at a time \ 
no sign of nephritis ean be noticed. Concerning this pbenon 
non, resembling that in gout, one may assume the same expl« 
tion, namely, a deficiency in the secretory power of the Iddno] 
or a kind of incipient and latent nephritis. 

If you are not willing to accept the above explanation I 
the very early stages of goat because of the absence of alb 




URIC ACID IN GOUT 



S6l 



, yoa must deny it also for the first periods of lead- 
Whatever inter]>r(:talioi] avails in gout must also 
■itt«d for lead intoxication. In any case tke mechanism 
' tke accumulalion of urates in lk« gouty blood it not a 
cific phenomenon of gout. 

brugsoh op[>oscti this cxpltmation on account of an experi- 
ment in which uric acid injected into the muscles of a gouty 
patient was eliminated just as completely and quickly as in a 
healthy man. 1 do tiot consider thia objection to be coDcluaive. 
The gouty kidney although not able to eliminate one gramme 
of orates quickly enough on the normal level of urates in blood, 
could accomplitdi this taak very well at the higher level already 
existing before the injection of uric acid. That this conception 
is right. Widal has obviously proved by the example of the 
behavior of urea in nephritis. 

Bnifiiaeh and Schlttenbelm fall to a somewhat mystical 
explfttiatiiiii. Thrv a-tcribc the accumiilntioti of nDitos in the 
blood to a diminished destruction. But wbeu a substance has 
once entereil the blood, its elimination dcpcudM only on the 
relation between this fluid and the kidneys. I think the follow- 
ing argument will be eonvinting. On feeding with sweetbread, 
or during absorption of pneumonic exudates, the blood conttuus 
just as large a quantity of urates as does that of a gouty patient. 
Now, persons who do not suffer from gout will eliminate the 
excess of urates within a few days, and, eveu when adhering 
lo a mixed diet, their blood will soon be free from urates. In 
gout, on the contrary, notwithstanding the ingestion of a pnriu- 
free diet under the influence of which the fonnation and the 
inSux of aric acid into the blood is much lower, uric acid will 
by no means disappear from the blood. Brugsrh and Schltten- 
belm ascribe this to a retarded decomposition, though conced- 
ing that the total amount of urie-ai-id break-down is above the 
g normal. Something is lacking in their theory and they Heeni 
lelvM to be aware of it. Although denying that the 
ihold ("Schwellenwert") of the kidney for tlie output of 
««lflvsted ID gont, they speak of a certain torpidity of 
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The deduction which ascribes the retention of urie acid W 
the Iddneys as enunciated by Garrod and adopted anet bf 
several authors, b rather repugnaat to me as well aa to patlio]»- 
fists in general. The distiirbaace which affects the entire orgat- 
isni would, according to this opinion, depend principally on tht 
IMssive retention of a single metabolic prodtict. Tbia ooaeep- 
tiou is not very satisfactory. 1 would be very much pleated 
indeed if any other solution of the problem could be found. 
However, rebus sic stantibus, and without fixing my opinion 
for the future, I find no other solution for the problem than 
that given above. 

Another interpretation might terminate the impleuaat 
dualism in the theory of gout. The distinetion between 
primary metabolic and a primary kidney gout, which 
(ilways fonuil siipportci-s from Iriirrml down to Hriif;»ch 
Sehittenhelm, would become unnecessary. 

Against the doctrine of gout being due to deficient ki 
function, clinical doubts arise which we are unable entirely 
remove. Why does not gout appear in each case of oephritliy 
why not in leukicmia where we always find an excess of nrie 
acid in the blood? Many cases of interstitial nephritia progmi 
so slowly that secondary changes, such as deposition of orate* 
and other abnormal phenomena, might have time to develop. 
Is perhaps the retention of urie acid present only in th* later 
btages of contracting kidneys T We know nothing certain about 
this, nor about the supposed deficiency of the kidneys in ^at. 
Does the condition reach back to youth or even to childhood T 
The deficiency in that ease would have lasted much longer than 
in any case of nephritis. At any rate we must emphasize the 
Fact that in many autopsies of unemics concretions are foaod 
in the joints, without any history that the patients had e' 
suffered from primary gout. There is no doubt that oil 
organs besides the kidneys must play an important part 
the pathogenesis of gout. 

Of all the organs, only the joints and the part they play 
the pathology of gout can be 'discussed in detail Are 
cartilages and the connective tijwues impliciifed only in a 
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serum, we are Burprised to see that 100 grammea of blood w 
saturated when they contain 4 milligrammes of nric acid. SoA 
an amount has indeed been found in the blood of people soSn- 
ing from severe gout when on a mixed diet. 

At the point of saturation the conditions for precipttatun 
are nearly always present. In the circulating biixid, howBTW, 
precipitation never takes place; it ia prevented by its cootio- 
uous movement and by the perpetual exchange of the ante 
molecules. While some of them pass to the urine others ent«r 
the blood from the organs. 

PRECIPITATION OP DBIC SODA 

The conditions for precipitation are much more favoiablt 
within the lymphatics and within the synovia of the articular 
cavities than elsewhere, for here the flow of liquids is very slow, 
I myself found four and six milligrammes of uric acid m 
100 C.C. of the Quids aspirated from infiamed knee-joints. But 
in spite of this saturated state one rarely finds cr>'stals id sun- 
pension, and when such are encountered they may perbap* 
have originated from the impregnated cartilagea which had 
undergone destruction, or from tophi which had forced a way 
into the articular cavity. As a rule, cr^'stallization takes plaee 
only in the organized tissue. 

By many it has been taken for granted that the cartili 
poaseaa a specific power to attract dissolved urate of soda l 
to bring it to crystallization. Moreover, the phenomenon 
also be produced by excised cartilaginous tissue. This ' 
shown by Roberts many years ago, and later on by Aluagia a 
Brugsch. Tarsal bones of a pig were suspended in phi 
charged with a saturated solution of urates: after a few c 
they were inenisted with needles and prewnted an aspect whi<d 
in intensity and distribution of deposits, resembled that i 
gouty joint. Tlie process of precipitation is thus not a vital 
one, but is purely passive, brought on by certain chemical rela- 
tions and properties still existing in the dead oartilagiooiui 
tissue. But possibly even this chemical reaction is not of a 
complicated order. Roberts in a purely experimental way 
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Uuit the Bohitiility of eodium iirattt decreuses with 
lert-asing conceutratton of soda salU iu the U^iiid. The theory 
f Bolutioa ngn-fd fully with the actual experimout. An addi- 
tion of 0.2 per cent sodiom chloride tu a saturated solution 
of urate of soda brought about precipitation. Roberta and 
Oudzent HnggeBted that cartilage, tendons, utc, are richer in 
Hodiuin salts tfaan thv blood xcruni. Their sodium coutenl 
reckoned as sodium chloride, rises to 0.9 per cent., while in 
serum it is only 0.7 per cent. When the Ij'mph saturated with 
urate of soda penetrates into the cartilaginous tissue where 
the concentration of the sodium ions is higher, a state of super- 
satumtion is brought about, and precipitation c«n take place. 
In this hypothesis, the supposition is made that the sodium 
exists in the state of Ions in the cartilages. Whether this is 
true or not is uoknowu. If they do not, if they be united to an 
organic compound, the explanation of Rflberia and Gndxent 
would not hold go<Ki. 

In response to the question why precipitation does not occur 
in all joints, — their chemical composition being the same every- 
where, — we must refer to mechanical and thermal injuries, the 
inflacncc of which on the localization is clearly proved by daily 
^perience. even though wo do not find such explanation entirely 
tisfaotory. 

But the nephritic patient is exposed ta the same influences. 
Tjy does not precipitation occur in every man Buffering from 
ntracting kidneyl For the second time we are obliged to 
knt this question. If the retention of uric acid in the blood is 
Ipoitsive process, if the deposition within tlic tissues is a purely 
lyaical process, by what properties is gout then to be ehar- 
krisedf 

Tliere must be an active element in its pathogeiieiiis belong- 
• exclusively to gouty diathesis. What then is this active 
dnciplet Science as yet gives no answer to this cpieslion, 
Ideh tonehes the ucntral point of the problem. Therefore I 
lUl not attempt to present any hyptiUiesis. Surely a heredi- 
f influence exists in gout, and a neumpathologieiil influence 
tas well Its the ehemicu) and the humornJ-patholofncal, 
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The cUniciaD must always be aware of this. But as long as «• 
cannot determine the mechauiBm by which the uerves i 
the metaboliam in gout, no advantage results from e 
fruch an inSuenue. 

All organs yielding or dtstroying uric acid (and tbey an 
many) were at one time thought to be implicjitcd in the ph^ 
uomena of gout. Thus a predominant part was fonoetly 
attributed to the liver, to the bowels, or to the spleen, ett 
But their influence, if indeed any exists, is not a controlling 
one over the uric acid metabolism. It is for the present worth- 
less to search for increased formation or for decreased desti 
titm in the f^ingle organs, sinL'C ue kni>w that ax n totai the ui| 
acid metabolism always remains within the ordinary limit& 
muscular work prevents paroxysms or lessens their violem 
this need not be referred to an increased destruction of ( 
acid, but rather to an immediate action on the joints, changi 
the quantity of Hynovial liquid or its composition, or 
rapidity of its circulation. The action of other organs 1 
might be such an indirect one. 

Thus the active principle, so much sought for, which ( 
gout remains a mystery, not to be unravelled by our pn 
means. Leaving the solution of the problem to the future, 1 
return to the fate of urate deposits. We can discuss the e 
tials of this question without regard to the problems of gott^ 
diathesis and pathogenesis. 



RELATION BETWEEN THE ATTACKS AND THE URATE DEPOSfFS 



At what time does precipitation take place? Is it a chronic 
process going on continuously, or docs it depend upon attscia 
and in what manner is it connected with themT When < 
sidering those tophi whose fate we (itui trace with the eye, 
know that they may appear, grow, and disappear without t 
bearer knowing anything about it. Especially the 1 _ 

deposits, those upon the hands, grow with hardly any ioflani' 
matory reaction. But this fact does not absolutely exclude a 
relation between thp precipitating procMs and the attack. Tbm 
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Mine proc«wi which on alow development causes no atrong 
reaction may mduce the must violent symptoms if the onset 
is one of gn<at intensity. 

According to Garrod the attack is provoked by a sudden 
precipitation of crj-stals in the tissues. The attack consists 
tiierely of sui-h deposition of urates and of the inHammation 
induced by their presence. The deposits, once formed, remain 
for a lengthened time, often throughout life. "When crys- 
tallizatioo of the salt takes place in any tissue. inHammation 
is suddenly lit up by its presence and a paroxysm of gout 
ensues." Roberts is of the same opinion. 

There is one objection, which renders it difficult to consent 
^ thiK respect to the authorit>* of the eminent English clinician. 
Itoc of the chief rules of chcmistrj'. corpora mm agunt nisi 
Uula. 18 appiicabtc uls« to tin- conditions in tho organism. If 
the uric acid salt ia precipitated, the chemical influence of the 
solid material upon the tissues stops instantly and does not 
r eappear until it is dissolved airaiu. In the meantime its action 
^H| purely physical. The mechanical irritation may perhaps 
^^B stronger at tlie moment of cryntallization and during the 
^Hnwth of the crystals than in periods of alisoUitc rest. But 
^^■e preiHure which tho crj'Htals exert npon the tissues is scarcely 
^Hdiicieut to bring about serions reaction. Onrrod's opinion is 
^Blist as improbable to me as the h>'potbesia which refen the 
symptoms of bronchial astlrnia to an irritation of the air- 
condnita by Charcot-ljcydcn cr>'stal)i. In opposition to the 
English authors. I am rather inclined to ascribe the irritation 
^Uq the dissolved nratt^s. According to this comreplioo a Kudden 
^^peresse of concentration will induce the inflammation. 
^B This supposed rise of the amount of urates within the 
synovia could be bronpht about in a twofold manner. Accord- 
ing to Garrod 'a opinion, it is only a part of the general urate 
sccuniulation in the whole body, induced by a deficient escpe- 
The urate molecules would pa-ss from the serum Ui tho 
Dovia and hence to the cartilupi-s. However a contrary con- 
jonld also be supported. A rapid solution of the 
]ght lead to sn increased eoncentration in the synA- 
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vial liquid, thus explaining the violence of reactioii 
better than the hypothesis of Garrod. As to the questJaa wliy 
solution of deposits should occur so rapidly, I own I un M 
able to reply. 

The above conception is an elaboration of Pfeiffer's ide« 
somewhat changed. In opposition to Garrod Pfciffer <»•■ 
sidered the attack as consisting of a solution and rcmortl o[ 
the deposits of urate. He based his opinion upon rmanu 
which do not seem to me to be justifiable. Still his idea-ai a 
whole seems to me probable and for the following two reaaota: 

1. The iudammation spreads far beyond the places of thf 
erj'stalline deposits. One may find an aspect of Uie skin foUjr 
resembling a phlegmon, and even a severe lymphangitis, wldd 
though aseptic haa sometimes misled the surgeon. This proTM 
that an irritating substance is carried away from the afflicted 
joints. If the sodinm urate is really the intiammatot?^ agent in 
the joints, it seems likely that the irritation of the more i 
tissues is caused by the same substance, carried away t] 
the IjTiiphatics. 

2. The second reaiwn in favor of Pfeiflor'a views 
excess of endogenous uric acid excreted during the att^ 
The excess is far greater than the diminution preceding 
paroxysm, In one of my observations the surplus eliminal 
eight days of a violent attack amounted to more titan 
grammes. Although the origin of these urates cannot be point 
out with accuracy, it may probably be attribuletl in wboli* 
in part to a solution of the crystalline deposits. 

I might also lay stress upon the fact that in aspirating 
joint exudate as completely as possible, the last poKions, 
nating from the iotarior parts of the cavity, are alwn>ii foi 
to be richer in leucocytes than the first portions. And it 
well known that leucocytes are the instnuneuta for attacl 
the urate crystals as well as the vehicles for their 
Perhaps the theory of Garrod and that of Pfeiffcr might 
combined in such a way as to assume that a general retcntiot) 
of uratci pi-ovokes the outbreak of an attack, and that Uie 
inflammation which follows leads to a removal 




PECULIAK EXCITINO CAUSKS FOR THE ATTACK 

The accumulatioQ of uric acid in the fluids uf tlic body 

"iiuppoiii'd by Garnxl to pnwede ajid to provoke the attack has 

not yet been demonstrated by analysis of the blood itsi'If. If 

it were possible to dett^rmine the uriv acid in the blood day by 

day bt^fore and during the paroxysm, we would be able to judge 

the part played by the acetimulation of uratcH better than we 

can HOW. We are now obliged to rely upon analyais of the 

urine. The decrease of the uric acid output in the twenty-four 

hours prior to the attai.-k, which anionnls to from one hundred 

to two hundred milligrammes, may be interpreted as meaning 

an accumulation in the bodyi but sometimes this is altogether 

lacking. The bext support of this part of (iarrod's theory ia to 

be found in tJie more recent olmen'ations, that consomptioo of 

HaWeetbread sometimcii briii^ about the paroxysm. It may be 

^■■ked whether this coincidence is not merely accidental. In 

^Bgute of such doubts and gaps, this part of Garrod's doctrine is 

^Kenerally acknowledged and accepted. 

HT However, this is not true as concerns the second part of his 
^Rheory. Gurrod assiuned a decreased alkalinity of the blood to 
be the second cause es(?iting the gouty attack. Thix part of hi* 
doctrine siiould be dropped entirely. It is refuted by the 
actual examination of the gouty blood, «» well an by Ihc proof* 
in the test-tube, and it is contradicted also by the doctrine of 
physical cheniistr>'. In measuring the alkalinity of the blood 
by means of titration in more than twelve patients before:, 
during, and after the paro-xysm and also during tlic intorx'sls, 
I failed at ajiy time to find any marked ditTerenoe. Moreover, 
all chemical analogies teach us that an addition of hydrochloric 
acid to the solution of any stdt may bring about precipilotion 
of the free acid, but never that of the italt. If we had lo deal 
with bisodium unite, the addition of an acid wuidd produce its 
inversion into monosodium urate, and this, being lesx soluble 
I the original salt, would crj-stallize out. This would be 
t Mune process aa the precipitation of monosodium sulphate 
»daced by adding sulphuric acid to a solution of neutral 
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bodium sulphnte. Bui plfHse ivirieiiilier, geiitloinen, that id 1 
senim ODly monosodmm urate is present, which, accordlag'l 
the above exposition, is not precipitated hy acids. 

Roberts's test-tube experimeHts eorrespond fully with 1 
theoretical deductions. Serum contains about 0,5 per cent, € 
Hodium chloride and 0.2 per cent, of monosodium < 

The addition of hydrochloric or acetic acid to senim satoral 

n-ith urate of soda brings about a precipitation of uric add. If, 
on the other hand, sodium carbonate he removed from thf 
senim by dialysis, not the slightest crystal HzatioD ocenn, 
although the scrum has lost Us alkalinity. On the other t 
addition of monoaodium carbonate to the serum causes precijl 
tation. although this be contrary to Garrod's opinion, and f 
spite of the high increase of the so-called alkalinity. The a 
bility and the precipitation of urate of sodii have nothing 1 
do at all with the alkalinity, but depend merely on the t 
tration of sodium ions or salts in the solution. Indeed, add! 
tion of sodium chloride effects a precipitation jnst as well I 
does monosodium carbonate. 

The question of diminishing alkalinity is of the nti 
importance for the precipitation of uric acid in urine, it i> pS 
dominant in the pathogenesis of gravel, but it must be excludi 
entirely from the theory of gout. It is replaced by the factor 
of salt concentration, and especially of the concentration in 
soda ions. Please remember, gentlemen, in connection with 
these explanations of ihe conception of Robert.-*, that it l 
high amount of soda salts in the connective tissue which veB 
likely determines the place of the crystallization of urates. 

It will be hard for many to drop entirely the doctrine o 
importance of a varying alkalinity of the blood in gout. Yiq 
may feel inclined perhaps to found yoiu" con9er%'ati«n on ( 
valuable e.xperimenta of Loghem. This Dutch scientist 1 
fiHiud that deposits of uric acid, produced by hypoden 
injections in the rabbit, are soon converted into deposits 4 
urate uf soda, and that this fransfonnation is followwJ byl 
serious inflammation. In dogs this transformation 
observed nor is there any in fl animation. The metjilioliiim of t 
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rabbit kept on grwn food is, roughly HjK-aking, an alkaline one 
In the name sense, we might apply the term of an acid tnetab- 
olJNm to a tlog fed on meat. According to this ditft^rcnoe the 
fate of iirie acid injected varies in the two spix-ies, Bnt if Ihc 
dog rvcrivcs 20 grammea of sodium carbonate, his mvtabolisiii 
becomes moru alkaline, and the conversion of the aric acid 
into urate of soda takes place exactly as in the rabbit. Vice 
versa, in the rabbit it is prevented by administering hydro- 
ebloric acid. The results of the older experiments of Pfciffer 
id the later ones of Silbergleit coincide folly with those of 
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In these experiments the influence of acids aud alkalies upon 
the chemical itccnrrences in the body are evident. In many 
respects these expcriraents are of high value and they have 
justly attracted attention. However, the observations have 
nothing to do with the eonditionK in gout. Tn Ijoghem's espcri- 
mental an entirely different problem wa» attacked, namely, the 
traiuiformation of uric acid into urate of soda. It is obxnous 
that the transformation is favored by an excels of alkali<« in 
the body, as well as in the test-tube, and that it is retarded or 
prevented by an increase of acid snbstanc/s alike in the body 
and in the chemist's phial. As to the solnbility and precipi- 
tation of urate of soda. Ijoghem'a experiments prove just as 
little as Klemperer's experiments on the degree of saturation 

r serum with urate of aoda. 
TBKKaPEnnce 
Oentlemen. if I now consider the theraiieulics of gout, I 
must of conrse confine mj'self to the discussion of such points 
as bear relation to the metabolittm of uric acid. 

The two dnigs which are the most efllcaeious in the 
paronysm. colchicuni and nalicylab*, twhavo entirely differently 
as regarda the elimination of nrie acid. Salicylates in suffiHeot 
doses increase the output of uric acid materially, by half a 
gramme and more daily. This pflfeet. liowever. seems to dis- 
appear within a few days, Colchicum. which, no doubt, is the 
ronger remedy, produces no change, or if so. it diminishes the 
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(|uantity of uric at-id elimination. 1 do not bolieve that thar 
two drugs, the chemical effects of which ar? so different, ow» 
their efficacy to the same pharmacological ucHon. One abonU 
try to define the mechanism of their action. Setting aside their 
soothing capacity I shall discuss only their action nptm th- 
uric acid within the body. 

If, according to Pfeiffer's opinion, the attack were a procew 
of solution and removal of urates, one could conceive 
salicylates favor the elimination, since increased oric 
output follows the administration of these substances, 
we do not know whether this increased output originates fi 
the deposits. Even healthy persona when taking salicyl 
show a slight increaBe of uric acid elitninalion. Comparsi 
experiments with this remedy ought to be made on a Ii 
scale upon healthy and gouty people. 

As to colchicum. one might think that it inhibits tfa** pi 
of solution. thuH putting an end lo the infisjnmation nml tii 
paroxysm. Its effect is certainly more rapid and more inti 
than that of sodium salicylate. If this conception werp ri| 
the eolchieum would be only a palliative remedy for the attack, 
while the salicylates in spite of their slower action would be 
the preferable remedy. It is well known that colchicum fa_ 
useless in chronic gout. If the attack be interpreted in 
sense of Garrod, the efficacy of both drugs would have to 
explained otherwise. A disciisHion of this subject bears 
the character of mere conjecture. Therefore, T do not wish to 
enter into details. I have felt that the ideas were worth 
liouing in order to encourage investigations on these points. 
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Alkalies and acids are not given during the attack, at I 
not in large quantities. However, considering the import 
of these substances in chronic gout, their application i 
be tried and observed — also during the paroxysm. In i 
mending them I do not expect any therapentic effect, 
in one of my patients the largest doses of hydrochloric acid c 
not influence either the pains or the inflammation, which \ 
contrary to the results observed in the experiments of Logfaai 




URIC ACID IN GOUT 



«7« 



Id administering alksliue carbonateB daria^ tlif atluck, 1 do 
iKit cxiM^'i a i-unitivf t-ffift inther. I IJnuk iiii'iilv llint (bi- 
lomparative investigalion of. the action of both acids and alka- 
li«-s during the attack should throw some light ajKiD their action 
in the chronic stAgfw. 

In the therapeutica of chronic gout, reatriction of meat in 
llie diet has l)een in use since oMcn times. The treatment is 
nidcr than our recent knowledge of the uric acid metaboliam. 
In lessening the formation of exogenous uric acid we only 
practise to-day what the old physicians practised with leas 
preeiae ideas. However, the extremiata of to-day do not even 
go so far im to forbid meat entirely. Empiricism shows that 
the disadvantages induced by an exclusive lacto-vegetarian diet 
prevail over the benelitH which could be expected from a dimin- 
ished formation of uric acid, (lenerally we prescribe a diet 
poor in purina. InveKtigutiooa of the parin metabolism, during 
year* of strict wlherence to such a diet, will teach iis to indicate 
ita application with more accuracy. Repealed analyses of the 
purin c(impoiind.-« in the blo<Kl nri- mi-dcil just as well iis 
balances of the purin intake and output, and also repeated 
investigations of the behavior uf ingested nucleic acids. Hos- 
pital patienta are not very well fitteil for sueh researches, vrhicli 
have to be extended for years. It is fortunate that wealthy 
patients of to-day are inclined to enter the clinics and nhitu- 
toria and to undergo willingly lunger otnu-rtation. Tbey havt- 
an understanding of the importajicc uf such investigations. 
However, it will take a decade at least before sufficient data 
concerning Ihe behavior of uric acid in urine, blond, etc., col- 
lected from II MulDcteut number of patients, will be at our 
disptmal. We t-an look forward to this time with great hope. 
^1 Of all rem«die«, deemed useful in chroniu gout, alkalien 
^Hpve for eenturiea been applied more than all otben. Two 
^^■forieit as to their value have existed. Regarding the tlrst it 
^^ma belieA'ed that alkalie«i dttutolved the eoneretion!* of urateK 
^^Bthin the body. I have already explained to you that thin 
^^fea baa been entirely refuted by modem re»e*rch. The second 
quality Mcribed to the alkalies was their power of facilitating 
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the output of uric at-id. This surely should be of I 
experiments carried out in this dirwtion do pot speak at i 
in favor of the conception. In therapcutins, howi-vpr, Ihr 
principle for the prat-titioner us well as for the ncienl 
observer is to observe and to jndgi- therapeutic effects ' 
impartiality, leaving aside Ituth prejudice iind thmr>'. 
empiricism should speak in favor of the alknlies another I 
is required, without need of change in therapeutic treatmeoLn 

Cooi judgment, however, is more difficult in the ibcmpi 
ties of gout than in any other disease. There is a lack of a p 
uounced criterion by which we may measure the effect* of o 
prescriptions. In diabetes we measure the amount of mif 
eliminated, in obesity the clian^s of weight. In nephritia, a 
in cirrhosis of the liver, and in diseases of the cireulatJOD, t 
increase or decrease of effusions and the height of the blM 
pressure represent the criterion of therapfutici*. Kvim 
tuberculosis and in syphilis, the course of which is (*o diS 
to judge, there are still better points of support for jadj 
than in chronic gout. As yet we are allowed to judge the r 
uf therapeutic action only by the measure of diminished un 
of soda excretion in the urine. Probably a diminished amoiti 
of urates in the blood represents a Ntandard of iinprovemca 
but as yet this standard is not available for obvious ■ 
Thus the measure iiy which we may now judge of lasting 
improvement consists merely in a postponement of the attacks. 
in a lessened intensity of the paroxysm, and in a diminution of 
chronic troubles. Regarding this point I can only repeal 
Roberts's words: "The incidence of diathesis even in fairtjr 
typical fases exhibits a wavinei*, an afflui and reflux, which 1 
very puzzling. In the less typical cases the irregularity ia a 
as to baffle all explanation. In most instances the manifea 
tions become intensified with advancing years, but aumetiii] 
the converse is observed. All these perplexing vagaries 1 
within the compass of the natural history of the disorder.' 

Even if a physician may dnre ascribe the improvement < 
a gouty patient's health not to nature itself, but to hia ow 
pi-escriplions. to which of them is he allowed to attribate 1 
success T 
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All prowdur** which wt- believe to bt* beni'ticiul in gwut. 
namely, the reatriclion of meat diet, the choice of grren food, 
rooHcnlHr excrciw?, thu iisc of bjithM, nil thi-w prwwriptioiiR are 
generally ^ven m the xanie time aiid aocumpanied hy the 
administration of dm^; and even theso the m(wl conservative 
phyHiciun iind palii'iil will chiin^' tim<' »nii again. Similar 
objections are to be bonie in mind in jud^Qfi the effect of 
alkalies. Roberts, in whom scientific criticism was imited with 
the abilities of a bom phyxician, aiMerts that in a long experi- 
ence be had never seen any distinct improvement even after 
administering alkalies for tnany yearn. 

What remedy can be substitnted for alkalies ! You all know, 
gentlemen, that a German practitioner, Falkenstein, liaa pleaded 
for the entire abolition of alkaline Irentment ajid recommended 
instead the administration of hydrnrhloric acid. His ideas of 
gout and of its therapeutics stand on a very weak fotindatiou. 
However, success is the decisive factor. Falkenstein report* 
that after years of severe trouble he tinally got rid of his pains 
hy the uae of hydrochloric acid, without having changed bin 
mode of living, his diet or his habits. Such a report deserves 
every attention, even though this uew tlierupcutic method 
might not benefit every patient. Falkenstein asserts that he 
has obtaim-d gtKid results in many patients. Other physiciaiu 
have been leait succewfal. Thus we iiiuRt leave time for further 
observations. 

I wish to add a few more words regarding the use of min- 
eral springs. Physicians are inclined at pretient to ascribe the 
undoubted efficiency of mineral waters not to the content of 
salts, but to the emanationit of rulio-active !<ubiiit)inc4«. Gndzent 
has observed that radio-emanation was able to destroy uric acid. 
It has been hoped that such influence wan also active in the 
organism of gouty patients. Since the emanation leavM the 
body rapidly with the expired air. Lowenthal constructed a 
respiration chamber, in which the amount of emanation was 
kept nt a hiifh rate. Thus the quantity of radio-emanation 
from men row to liW.OOO units. Preliminarj' experiments were 
iesrried out last winter by Lowenthal and Ctudxent tn (be clinic 
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of Prof. His. The results have not been published in detailt so 
judgment is somewhat difficult. In healthy penami the ontpvt 
of uric acid was materially increased, but goaty petienti 
behaved differently. There was a mariced improvemoit of 
health, but it was not possible to refer this to a dietiiiet duoge 
in the uric add metabolism. In experiments with animals, 
however, the influence of radio-emanation was more conspic- 
uous. The symptoms of inflammation produced by hypodermic 
injections of uric acid in the rabbit were modified under the 
influence of the enuinations ; leucocjrtosis and phagoeytosis were 
retarded for several days. By this observation the marked 
influence of radio-emanation on the occurrences within the 
organism is established beyond every doubt. It may be hoped 
that investigations of this kind will advance our knowledge of 
theory as weU as of therapeutics.. Thanks to Lowenthal's 
ingenious devices, it will soon be possible for any hospital to 
avail itself of these new resources. 

Since the production and destruction of uric acid, like that 
of other chemical substances, are the work of protoplasm, it is 
for future research to study the lesions in the protoplasm itself, 
and to reveal the mechanism which leads to a derangrement of 
the metabolism. At present we only recognize the results and 
the chemical products of this derangement. Also in gout the 
researches must rise from the present level to investigations 
of a higher order. But this is the same in every field of patho- 
logical metabolism. When, on looking back after a lapse of 
twenty future years, during which we shall have advanced 
into a more profound region of knowledge, we will not regard 
the older investigations on uric acid, of which I have endeavored 
to give you a short account, as having been made in vain. 
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